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PREFACE 

This  r e p o r t  covers  t h e  act ivi t ies  of t h e  NASA Technology Appl ica t ion  

Team loca ted  a t  t h e  Research Tr i ang le  I n s t i t u t e  dur ing  t h e  per iod from 

15 June 1968 t o  14 June 1969. Act iv i t ies  covered by t h i s  r e p o r t  are those  

d i r e c t e d  toward t h e  accomplishment of Tasks G-2a and G-2b of Article I1 of 

t h e  Statement of Work of NASA Contract  No. NSR-34-004-056 and which relate 

t o  t h e  t r a n s f e r  of aerospace technology t o  a p p l i c a t i o n s  i n  a i r  p o l l u t i o n  

cont ro l .  The accomplishment of o the r  t a s k s  s p e c i f i e d  i n  t h e  aforementioned 

con t r ac t  are repor ted  sepa ra t e ly .  

i n t e r d i s c i p l i n a r y  t e a m  i n  t h e  Engineering and Environmental Sciences Divis ion of 

the  Research Tr iangle  I n s t i t u t e  under t h e  genera l  d i r e c t i o n  of  D r .  J. N .  Brown, Jr. 

and the  t echn ica l  d i r e c t i o n  of J. J. B .  Worth. Other RTI  s t a f f  members who 

p a r t i c i p a t e d  s i g n i f i c a n t l y  i n  t h i s  work are D r .  J. J. Wortman, C.  E .  Decker, 

R. C. Haws,  D r .  L. A. Ripperton, D r .  L. F. Bal la rd ,  R. L. Beadles,  

D r .  F. T ,  Wooten, Ernest  Harr ison,  and D r .  J. C. Orcut t .  A l l  phases of 

t h i s  p r o j e c t  w e r e  coordinated c l o s e l y  wi th  t h e  Technology U t i l i z a t i o n  

Divis ion of NASA i n  Washington, D.C., and t h e  Nat iona l  A i r  Po l lu t ion  Control  

Adminis t ra t ion loca ted  i n  Washington, D. C . ,  Durham, North Carol ina,  and 

C i n c i n a t t i ,  Ohio. 

The work repor ted  he re  w a s  performed by an 

This r e p o r t  p re sen t s  t h e  r e s u l t s  of t he  ac t iv i t ies  i n  the  area of 

a i r  p o l l u t i o n  c o n t r o l  of the NASA Technology Appl ica t ion  Team of t h e  

Research Tr iangle  I n s t i t u t e  dur ing  t h e  c o n t r a c t  per iod  from 15 June 1968 t o  

14 June 1969. (The bulk  of these  a c t i v i t i e s  were conducted dur ing  the per iod  
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beginning December 1968.) This  work i s  p a r t  of a f e a s i b i l i t y  program t o  

determine the  e f f e c t i v e n e s s  o f  technology t r a n s f e r  methodology developed 

i n  NASA's Biomedical Appl ica t ion  Team program i n  t r a n s f e r r i n g  aerospace- 

generated technology t o  non-aerospace problems and requirements.  

the  RTI Technology Appl ica t ion  Team has served as an  i n t e r f a c e  between the  

information and technology resources  of the  Nat iona l  Aeronautics and Space 

Adminis t ra t ion and the Nat iona l  A i r  P o l l u t i o n  Control  Adminis t ra t ion.  

Funct iona l ly ,  

During t h e  r epor t ing  pe r iod , a  formal inter-agency agreement w a s  made 

between NASA and NAPCA f o r  t h i s  technology u t i l i z a t i o n  f e a s i b i l i t y  s tudy.  

The Applicat ion Team a t  RTI,in working wi th  NAPCA,has i d e n t i f i e d  4 1  s p e c i f i c  

technology-related problems and requirements e x i s t i n g  i n  programs of t h e  

Nat ional  A i r  P o l l u t i o n  Control  Adminis t ra t ion.  Problem a b s t r a c t s  were 

prepared on 21 of t h e s e  problems and computer information searches  have been 

completed on 18 of t h e s e  2 1  problems. Information judged t o  be r e l evan t  

w a s  i d e n t i f i e d  i n  16 of t h e  18 completed computer searches.  

Members of t h e  R T I  Technology Appl ica t ion  Team have i n t e r f a c e d  d i r e c t l y  

wi th  engineers  and s c i e n t i s t s  of a l l  four  d i v i s i o n s  of t h e  Bureau of Engineering 

and Phys ica l  Sciences and of one d i v i s i o n  of t h e  Bureau of Cri ter ia  and 

Standards of t h e  Nat iona l  A i r  P o l l u t i o n  Cont ro l  Adminis t ra t ion.  The problems 

and requirements which have been inves t iga t ed  involve  meteoro logica l  

ins t rumenta t ion ,  t h e  e f f e c t s  of gaseous and p a r t i c u l a t e  p o l l u t a n t s ,  

d e t e c t i o n  ins t rumenta t ion  f o r  both gaseous and p a r t i c u l a t e  p o l l u t a n t s ,  

process  c o n t r o l  f o r  t h e  e l imina t ion  of p o l l u t a n t s ,  and chemical and 

thermal p r o p e r t i e s  of p o l l u t a n t s .  
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A pre l iminary  a n a l y s i s  of  the  program i n d i c a t e s  (1) aerospace- 

generated technology i s  c l e a r l y  r e l e v a n t  t o  problems and requirements i n  

a i r  p o l l u t i o n  c o n t r o l ;  (2)  t he  Technology Appl ica t ion  Team methodology 

can be e f f e c t i v e l y  appl ied  a s  a c a t a l y t i c  information and technology i n t e r f a c e  

between NASA and NAPCA; and, ( 3 )  t he  person-to-person con tac t  i nhe ren t  i n  

t h e  Technology Appl ica t ion  Team methodology must be s t r e s s e d  i n  a l l  phases 

of  the  technology t r a n s f e r  process  as w e l l  as i n  t h e  i d e n t i f i c a t i o n  and 

s p e c i f i c a t i o n  of s p e c i f i c  problems. 
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1.0  INTRODUCTION AND SUMMARY 

The Technology U t i l i z a t i o n  Div is ion  of t h e  Nat iona l  Aeronautics and 

Space Adminis t ra t ion i s  making extensive e f f o r t s  t o  t r a n s f e r  the 

s c i e n t i f i c  and t echno log ica l  r e s u l t s  of t h e  n a t i o n ' s  aerospace programs t o  

a p p l i c a t i o n s  i n  t h e  non-aerospace r e l a t e d  i n d u s t r i a l ,  educa t iona l ,  and 

governmental s e c t o r s  of t h e  United States. 

examples of success  i n  t h i s  Technology U t i l i z a t i o n  Program. The s tudy  of 

* 
There are a t  p re sen t  many 

the  gene ra l  p rocess  by which technology and s c i e n t i f i c  information are 

t r a n s f e r r e d  a c r o s s  d i s c i p l i n a r y  l i n e s  is  equa l ly  as important as a c t u a l l y  

t r a n s f e r r i n g  s p e c i f i c  i t e m s  of technology i n  NASA's Technology U t i l i z a t i o n  

Program. I n  t h e i r  e f f o r t  t o  s tudy and develop mechanisms f o r  t r a n s f e r r i n g  

technology, NASA has e s t a b l i s h e d  t h r e e  m u l t i d i s c i p l i n a r y  teams t o  i n v e s t i g a t e  

t h e  t r a n s f e r  of aerospace technology i n t o  t h e  f i e l d  of biomedical r e sea rch  

and medical p r a c t i c e .  These m u l t i d i s c i p l i n a r y  o r  perhaps more appropr i a t e ly  

i n t e r d i s c i p l i n a r y  teams are loca ted  a t  t h e  Research Tr iangle  I n s t i t u t e ,  

Research Tr iangle  Park, North C a r d i n a ;  t h e  Midwest Research I n s t i t u t e ,  

Kansas Ci ty ,  Missouri ;  and t h e  Southwest Research I n s t i t u t e ,  San Antonio, Texas. 

The most important a s p e c t s  of t h e  ac t iv i t ies  of t h e s e  technology a p p l i c a t i o n  

t e a m s  are t h e  person-to-person con tac t  which i s  e s t a b l i s h e d  wi th  ind iv idua l  

medical i n v e s t i g a t o r s  and c l i n i c i a n s  a t  major medical c e n t e r s  and wi th  

ind iv idua l  s c i e n t i s t s  and engineers  w i t h i n  NASA and aerospace i n d u s t r i e s ;  

t h e  team's c l o s e  c o n t a c t s  wi th  NASA's Regional Dissemination Centers  which 

g ive  r ap id  computerized access t o  t h e  vast  amount of aerospace r e l a t e d  

* 
National  Aeronautics and Space Adminis t ra t ion,  1968, "Useful Technology from 

Space Research", U. S. Government P r i n t i n g  Of f i ce ,  Washington, D. C., 20402. 



information which has been generated in the past ten years; and the rapid 

and effective communication between the teams concerning specific medical 

problems and items of technology which have been found to be of value in 

medicine. 

developing a technology transfer methodology and in accomplishing items of 

technology transfer has led NASA to extend the activities of these teams 

into other areas. 

technology into the fields of air pollution control, water pollution control, 

and law enforcement communications. 

to reporting the activities of the RTI Technology Application Team in 

attempting to transfer aerospace technology into the field of air pollution 

control. 

The success which has been realized by these teams both in 

As examples, the teams are now involved in transferring 

This report is confined specifically 

In this program, the objectives of the teams are both experimental and 

operational in nature. 

investigation of the technology transfer process and the operational phase 

involves the actual transfer of specific items of technology to assist in solving 

problems and meeting requirements in air pollution con t ro l  and to generate a data 

base for further study of the technology transfer process on an experimental 

basis. 

The experimental phase of the program involves an 

The general methodology employed by the Technology Application Team can 

be subdivided into four major phases of activity: (1) problem identification 

and specification; (2) identification of relevant information or technology; 

(3) evaluation of potentially applicable information or technology; and, 

( 4 )  documentation of specific applications or "technology transfers" and the 

manner in which these technology transfers are accomplished. Problem identification 
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and s p e c i f i c a t i o n  i s  i n i t i a t e d  by d i scuss ions  between members of  t h e  

Technology Appl ica t ion  Team and i n d i v i d u a l  engineers  and s c i e n t i s t s  in -  

volved i n  work i n  the  a r e a  of  a i r  p o l l u t i o n  con t ro l .  Members of  t h e  

a p p l i c a t i o n  t e a m  a t tempt  t o  understand f u l l y  t h e  n a t u r e  of  t he  problems 

and requirements ,  and,  i n  a d d i t i o n ,  how these  problems are a f f e c t i n g  the  

progress  of r e sea rch  and development i n  ins t rumenta t ion  f o r  measuring s p e c i f i c  

p o l l u t a n t s ,  ins t rumenta t ion  f o r  measuring t h e  e f f e c t s  of var ious  p o l l u t a n t s ,  

and systems f o r  reducing o r  removing s p e c i f i c  p o l l u t a n t s  from a i r  which i s  

dumped d i r e c t l y  i n t o  the  atmosphere. 

Following these  d i scuss ions  the  team i d e n t i f i e s  very  s p e c i f i c  technology- 

r e l a t e d  problems and prepares  a i r  p o l l u t i o n  problem a b s t r a c t s  on each s p e c i f i c  

requirement.  These problem a b s t r a c t s  desc r ibe  problems i n  a concise  

manner us ing  func t iona l  and nond i sc ip l ina ry  terminology. They a l s o  desc r ibe  

t h e  s i g n i f i c a n c e  of t h e  problem and t h e  b e n e f i t s  which would l i k e l y  be 

r e a l i z e d  i f  a s o l u t i o n  can be  found. 

The next  phase involves  t h e  i d e n t i f i c a t i o n  of r e l evan t  information and 

technology. There are a t  p re sen t  two approaches t o  ob ta in ing  t h i s  information.  

The f i r s t  approach involves  conducting a computerized information sea rch  of NASA's 

aerospace information bank. This information bank c o n s i s t s  of  t h e  e n t r i e s  i n  

the  a b s t r a c t  j ou rna l s  known as S c i e n t i f i c  and Technical  Aerospace Reports (STAR) 

and I n t e r n a t i o n a l  Aerospace Abs t r ac t s  ( I A A )  which toge the r  cover the  aerospace- 

r e l a t e d  s c i e n t i f i c  and t echn ica l  l i t e r a t u r e  world-wide. Computer information 

searches  a r e  performed c o l l a b o r a t i v e l y  by members of t h e  Technology Applicat ion 

Team and a p p l i c a t i o n s  engineers  a t  NASA Regional Dissemination Centers  such as the  

Science and Technology Research Center loca ted  i n  the  Research Tr iangle  Park, 
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North Carol ina.  I n  cases where the  computer searches  do not provide  a l l  

t h e  information necessary f o r  a s o l u t i o n  t o  a problem, s p e c i f i c  a i r  p o l l u t i o n  

problem a b s t r a c t s  a r e  disseminated through t h e  Technology U t i l i z a t i o n  Divis ion 

of  NASA t o  NASA Research Centers  and i n d u s t r i a l  o rgan iza t ions  p a r t i c i p a t i n g  

i n  the  space program. The purpose of t hese  a b s t r a c t s  i s  t o  s o l i c i t  a s s i s t a n c e  

i n  so lv ing  problems from ind iv idua l  sc ien t i s t s  and engineers  who may have 

re levant  e x p e r t i s e  o r  experience t o  con t r ibu te .  

The t h i r d  s t e p  i n  the  t r a n s f e r  process  involves  a n  eva lua t ion  of 

information which appears  t o  be  r e l e v a n t  t o  t h e  s o l u t i o n  of s p e c i f i c  problems. 

Both the  a p p l i c a t i o n  t e a m  and t h e  problem o r i g i n a t o r  involved i n  a i r  p o l l u t i o n  

research  and development a r e  involved i n  t h i s  eva lua t ion .  

The f i n a l  phase of a c t i v i t y  involves  a complete and d e t a i l e d  documentation 

of  s p e c i f i c  problems, the  technology which was app l i ed  and how i t  was app l i ed ,  

a s  w e l l  a s  a d e s c r i p t i o n  of  how the  r e l evan t  information was obtained.  Where 

adapt ive  engineer ing o r  re-engineer ing i s  requi red  t o  meet a s p e c i f i c  

u se r  need, t he  f i n a l  phase inc ludes  recommendations o r  assessments regarding 

the  a d d i t i o n a l  e f f o r t s  o r  c o s t s  which w i l l  be  requi red .  

requi red  both f o r  f u r t h e r  s tudy  of t he  technology t r a n s f e r  process ,  as w e l l  

as f o r  wide d isseminat ion  of the  information t o  ind iv idua l s  and groups 

concerned wi th  the  con t ro l  of a i r  p o l l u t i o n .  

This documentation i s  

I n  extending t h e  Technology Appl ica t ion  Team program beyond the  f i e l d  of 

biomedicine t o  inc lude  a i r  p o l l u t i o n  c o n t r o l ,  the  b a s i c  methodology has not  been 

changed. In s t ead  of working wi th  medical r e sea rche r s  and c l i n i c i a n s ,  t he  team 

works d i r e c t l y  wi th  engineers  and s c i e n t i s t s  involved i n  a i r  p o l l u t i o n  con t ro l  

research  and development. S p e c i f i c a l l y ,  t h e  RTI  Technology Appl ica t ion  Team 

has i n t e r a c t e d  d i r e c t l y  wi th  engineers  and s c i e n t i s t s  of t he  Nat ional  A i r  
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Pol lu t ion  Control  Adminis t ra t ion.  Thus, t he  RTI  a p p l i c a t i o n  team i s  

a c t i n g  a s  an  information and technology i n t e r f a c e  between NASA and the  

Nat iona l  A i r  P o l l u t i o n  Control  Adminis t ra t ion (NAPCA) and a c a t a l y s t  

among the  va r ious  sources  of information involved i n  the  technology 

t r a n s f e r  process .  When t h i s  program was i n i t i a t e d ,  t he  methodology and 

o b j e c t i v e s  were d iscussed  i n  d e t a i l  by r e p r e s e n t a t i v e s  of  NASA, NAPCA, 

and RTI. 

a c t i v i t i e s  w i t h i n  NAPCA are d iscussed  i n  d e t a i l  i n  Sec t ion  2 .0  of t h i s  

r e p o r t .  

Both t h e  t echn ica l  and o rgan iza t iona l  scope of t he  team's 

The remaining s e c t i o n s  of t h i s  r e p o r t  conta in  a b r i e f  h i s t o r y  of 

t h e  RTI  a p p l i c a t i o n s  team's experience i n  the  area of a i r  p o l l u t i o n  con t ro l .  

S p e c i f i c  problems which have been i d e n t i f i e d  and t h e  a c t i o n  taken on each 

problem i s  descr ibed  i n  d e t a i l .  The p resen t  s t a t u s  of the  e n t i r e  program 

i s  reviewed b r i e f l y  and conclusions and recommendations f o r  continued 

a c t i v i t y  i n  t h i s  a rea  of technology u t i l i z a t i o n  are presented .  

5 



2.0 GENERAL NAPCA PROBLEM AREAS 

The i n i t i a l  working conference between RTI and t h e  Nat iona l  A i r  

Po l lu t ion  Control  Adminis t ra t ion was he ld  wi th  D r .  John Ludwig, NAPCA 

A s s i s t a n t  Commissioner f o r  Science and Technology, on December 6 ,  1968. 

The purpose of t h e  meeting was t o  b r i e f  t he  NAPCA Headquarters s t a f f  on 

t h e  methodology and gene ra l  o b j e c t i v e s  of t he  NASA Technology Appl ica t ion  

Teams. M r .  Roy Biv ins ,  NASA Technology U t i l i z a t i o n  Div is ion ,  and D r .  J i m  

Brown, RTI,  p resented  the  background information on the  NASA Technology 

Program. 

respondence and t h e  es tab l i shment  of  a formal agreement t o  proceed wi th  an  

experimental  technology t r a n s f e r  program whose a i m  is  t o  apply e x i s t i n g  

aerospace technology t o  s o l v e  o r  he lp  so lve  problems i n  t h e  a rea  of a i r  

p o l l u t i o n  con t ro l .  

The meeting r e s u l t e d  i n  a n  o f f i c i a l  exchange of inter-agency cor- 

On February 5, 1969, M r .  Ron P h i l i p s ,  D i rec to r ,  NASA Technology 

U t i l i z a t i o n  Div is ion  w a s  i n v i t e d  t o  p a r t i c i p a t e  i n  a NAPCA gene ra l  s t a f f  

meeting t o  o u t l i n e  the  o b j e c t i v e s  and purposes of t he  NASA technology 

u t i l i z a t i o n  program. The meeting provided a t e c h n i c a l  background and 

b a s e l i n e  depa r tu re  from which t h e  RTI Technology Appl ica t ion  Team, toge ther  

w i t h  NAPCA and NASA, w a s  t o  opera te .  Following the  aforementioned meetings,  D r .  

Ludwig's o f f i c e , w i t h  a s s i s t a n c e  from R T I ,  proceeded t o  d r a f t  a l i s t  of p o t e n t i a l  

problem a r e a s  f o r  cons idera t ion .  

The NAPCA organ iza t iona l  s t r u c t u r e  (Fig.  1) i s  b a s i c a l l y  d iv ided  i n t o  

t h r e e  t e c h n i c a l l y  o r i en ted  bureaus encompassing a t o t a l  o f  ten  (10) working 

d i v i s i o n s .  With the  concurrence of D r .  Ludwig, R T I  personnel  made t echn ica l  

con tac t s  i n  a l l  of the  d i v i s i o n s  t o  o f f e r  a s s i s t a n c e  i n  the  d e f i n i t i o n  and 
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s e l e c t i o n  of a p p l i c a b l e  problem areas. A NAPCA l i s t i n g  of p o t e n t i a l  

problem areas w a s  submit ted through i n t e r n a l  NAPCA a d m i n i s t r a t i v e  channels  

t o  D r .  Ludwig's o f f i c e  f o r  f i n a l  review and compilat ion.  

The t e c h n i c a l  response of t h e  o p e r a t i o n a l  NAPCA d i v i s i o n s  w a s  one of  

e x c e l l e n t  cooperat ion and enthusiasm. A l l  of t he  NAPCA techn ica l  d i v i s i o n s  

responded t o  t h e  i n v i t a t i o n  t o  submit problem a reas .  

The o f f i c e  of t h e  A s s i s t a n t  Commissioner f o r  Science and Technology 

prepared a l i s t i n g  of twelve (12) problem areas f o r  t h e  Technology Applica- 

t i o n  T e a m ' s  cons idera t ion .  The fol lowing l i s t  of problem areas w a s  

o f f i c i a l l y  t ransmi t ted  from NAPCA t o  M r .  Ron P h i l i p s ,  D i rec to r ,  NASA 

Technology U t i l i z a t i o n  Div i s ion , in  a letter dated March 21, 1969: 

"The fol lowing list of p r o j e c t s  are submitted f o r  search  
by t h e  R T I  as a p a r t  of NASA's Technology U t i l i z a t i o n  
Program. 
f o r  follow-on con tac t  are given fol lowing t h e  problem 
desc r ip t ion .  

The appropr i a t e  Div is ion  and Bureau wi th in  NAPCA 

(1) 
exposure and human performance may be  most e f f i c i e n t l y  
demonstrated under test  condi t ions  of maximum phys io logica l  
workloads. Methods are needed t o  produce such measurable 
workloads on components of t h e  1) c e n t r a l  nervous system, 
2) r e s p i r a t o r y  system, 3)  card iovascular  system, and 
4 )  neuromuscular system. With such t o o l s  t h e  e f f e c t s  of a 
wide number of p o l l u t a n t s  could be  evaluated.  
of Heal th  E f f e c t s  Research, Bureau of Standards & Criteria 

A dose response r e l a t i o n s h i p  between a i r  p o l l u t i o n  

--Division 

(2) 
elements and compounds. Automated ins t rumenta t ion  w i l l  be  
needed f o r  some 30 p o l l u t a n t s  over t h e  next  5 t o  10 years .  
--Division of Chemistry & Physics ,  Bureau of Engineering 
& Phys ica l  Sciences 

Development of advanced p o l l u t a n t  s enso r s  f o r  trace 

(3 )  Development of remote sens ing  techniques f o r  wind 
v e l o c i t y  and temperature both i n  t h e  ver t ica l  and h o r i z o n t a l  
dimensions. --Division of Meteorology, Bureau of Engineering 
& Phys ica l  Sciences 
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( 4 )  Development of a l t e r n a t e  working f l u i d s  f o r  Rankine 
c y c l e  power systems which w i l l  overcome t h e  inhe ren t  problems 
of co r ros ion  and l u b r i c a t i o n  normally a s soc ia t ed  wi th  water. 
--Division of Motor Vehicle  Research and Development, Bureau 
of Engineering & Phys ica l  Sciences 

(5) 
and t ransformat ion  mechanisms i n  t h e  atmosphere is needed. 
Such a need is b a s i c  t o  determining t h e  importance of a i r  
p o l l u t i o n  relative t o  long term geophysical  e f f e c t s .  --Division 
of Meteorology, Bureau of Engineering & Phys ica l  Sciences 

A clear understanding and d e f i n i t i o n  of p o l l u t a n t  removal 

( 6 )  General ly  speaking most air p o l l u t i o n  c o n t r o l  systems 
involve  mass t r a n s f e r  of t h e  p o l l u t a n t  between two phases.  The 
development of new gas- l iqu id ,  gas-sol id ,  l i qu id - so l id  
con tac t ing  systems i s  needed f o r  a h o s t  of p o l l u t a n t s  inc luding  
SOx, NO,, reactive hydrocarbon, odorants  and p a r t i c u l a t e s ,  etc. 
-- Divis ion  of Process  Control  Engineering, Bureau of Engineering 
& Phys ica l  Sciences 

( 7 )  I n s u f f i c i e n t  information is known about odor d e t e c t i o n  
mechanisms. A g r e a t  number of a i r  p o l l u t i o n  problems involve  
odors from paper m i l l s ,  food processing p l a n t s ,  t h e  petrochemical 
i ndus t ry ,  t r a n s p o r t a t i o n ,  etc.  The c l a s s i f i c a t i o n  and i d e n t i f i c a -  
t i o n  of odorants  i n  extremely low concent ra t ions  have no t  been 
s u f f i c i e n t l y  developed. --Division of Chemistry & Phys ics ,  Bureau 
of Engineering & Phys ica l  Sciences and Div is ion  of Heal th  E f f e c t s  
Research, Bureau of Criteria & Standards 

(8) One of t h e  major n a t u r a l l y  occurr ing  p o l l u t a n t  classes 
impinging on man's h e a l t h  is pol len .  
c l a s s i f y i n g  and q u a n t i t a t i n g  po l l ens  are slow and cumbersome. A 
s tudy  t o  be  undertaken i n  t h e  ve ry  near  f u t u r e  involves  t h e  
ambient d e t e c t i o n  of ragweed po l l en .  The development of a r ap id  
and s p e c i f i c  measurement technique f o r  t h i s  spec ie s  is  needed. 
--Division of Heal th  E f f e c t s  Research, Bureau of Criteria & 
Standards 

Current techniques f o r  

(9) 
p o l l u t i o n  is needed. 
which w a s  developed f o r  space a p p l i c a t i o n s  may have spin-off .  
--Division of Process  Control  Engineering, Bureau of Engineering 
& Phys ica l  Sciences 

A b e t t e r  understanding of combustion as it relates t o  a i r  
Current r e sea rch  knowledge on combustion 

(10) A measurement technique is needed f o r  determining t h e  trace 
metal emissions from f o s s i l - f u e l  combustion, i n c i n e r a t o r s  and 
m e t a l  processing p l a n t s .  
Bureau of Engineering 6 Phys ica l  Sciences 

--Division of Process  Control  Engineering, 
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(11) The gas  exchange capac i ty  as i t  develops from b i r t h  
t o  ma tu r i ty  i s  n o t  known. To s tudy  t h e  e f f e c t s  of 
environmental  f a c t o r s  on t h i s  growth, t h e  exchange capac i ty  
of t h e  lung through t h e  f i r s t  e i g h t  yea r s  of age  needs t o  
be measured. Knowledge of t h i s  func t ion  i n  o t h e r  age  
groups may have bear ing  on t h i s  problem. --Division of 
Heal th  E f f e c t s  Research, Bureau of Criteria & Standards 

(12) I n  order  t o  eva lua te  t h e  performance of v a r i o u s  
p a r t i c u l a t e  c o n t r o l  devices ,  s tandard ized  a e r o s o l  genera t ing  
and measurement techniques must be  developed. The gene ra t ion  
system should be  capable  of loadings  of l o 2  t o  l o 4  gm/min 
wi th  a s i z e  range of 1 t o  10  microns.  The d e t e c t i o n  scheme 
should be capable  of monitor ing p a r t i c l e  concent ra t ions  up 
t o  108 p a r t / f t 3  i n  gas  streams moving a t  rates up t o  120 
f t / s e c  and temperature  up t o  400°F. --Division of Process  
Control  Engineering, Bureau of Engineering & Phys ica l  
Sciences’’ 

With t h e  coord ina t ion  of t h e  NAPCA Of f i ce  of Science and Technology, t h e  

R T I  Technology Appl ica t ion  Team e s t a b l i s h e d  a working r e l a t i o n s h i p  with t h e  

fol lowing NAPCA d iv i s ions :  Div is ion  of Health E f f e c t s  Research, 

Divis ion of Chemistry and Physics ,  Div is ion  of Meteorology, Div is ion  of 

Motor Vehicle  Research and Development and Div is ion  of Process  Cont ro l  

Engineering. Personal  c o n t a c t s  w e r e  made a t  each of t h e  d i v i s i o n a l  ch ief  

levels p r i o r  t o  t h e  es tab l i shment  of any working r e l a t i o n s h i p s .  

The Technology Appl ica t ion  Team, working wi th in  t h e  admin i s t r a t ive  

s t r u c t u r e  of t h e  des igna ted  NAPCA d i v i s i o n s ,  w a s  a b l e  t o  d e f i n e  i n  d e t a i l  

a t o t a l  of forty-one (41) s p e c i f i c  problems wi th in  t h e  twelve (12) NAPCA 

gene ra l  problem areas. Because of l imi ted  resources  for t h i s  p r o j e c t ,  the  

i n i t i a l  l ist  of for ty-one problems was reduced t o  a t o t a l  of twenty-one (21) 
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problem a b s t r a c t s  s e l e c t e d  j o i n t l y  by NAPCA, RTI, and NASA on t h e  b a s i s  of 

NAPCA p r i o r i t i e s  and c o n s t r a i n t s  of the  aerospace informat ion  resources .  

The remaining group of twenty problems w i l l  b e  reconsidered a t  a later 

per iod  i n  t h i s  technology t r a n s f e r  program. A complete l i s t i n g  of t hese  

for ty-one (41) problems and t h e i r  s t a t u s  are presented  i n  Table 1, Sec t ion  

4.0. 

11 



3 . 0  PROBLEM ABSTRACTS 

A t  t h e  p re sen t  t ime, the  R T I  Technology Appl ica t ion  Team has  completed 

2 1  problem a b s t r a c t s  i n  t h e  area of a i r  p o l l u t i o n  con t ro l .  These s p e c i f i c  

problems were s e l e c t e d  f o r  immediate a c t i o n  on the  b a s i s  of the  probable  

re levance of  aerospace technology t o  p o t e n t i a l  s o l u t i o n s  and of t h e i r  s ign-  

i f i c a n c e  from the  s tandpoin t  of NAPCA'S o v e r a l l  o b j e c t i v e s  and program p r i o r i t i e s .  

Each of t h e  problem a b s t r a c t s  con ta ins  t h e  fo l lowing  elements. F i r s t ,  

t h e  problem i s  s t a t e d  ve ry  b r i e f l y .  This  is followed by background informa- 

t i o n  which p l aces  t h e  problem wi th in  t h e  proper contex t  and restates t h e  

problem i n  both f u n c t i o n a l  and nond i sc ip l ina ry  language. 

t h a t  t h i s  d i scuss ion  be understandable  by engineers  and s c i e n t i s t s  from a 

broad spectrum of d i sc ip l ines . )  F i n a l l y ,  phys i ca l  and ope ra t iona l  c o n s t r a i n t s  

and s p e c i f i c a t i o n s  are given. 

which are abso lu te ly  e s s e n t i a l  are included. A s t rong  a t tempt  is  made no t  

t o  l i m i t  t h e  technologica l  approach which can be taken i n  so lv ing  s p e c i f i c  

problems. 

(It is h ighly  important 

Only those  c o n s t r a i n t s  and s p e c i f i c a t i o n s  

The s t a t u s  of a l l  problems f o r  which an  a b s t r a c t  has  been prepared as 

w e l l  as those  problems which have been r e j e c t e d  o r  are s t i l l  i n  t h e  

i d e n t i f i c a t i o n  phase is  given i n  Sec t ion  4.0. 
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Problem Abst rac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RTI / A P - ~  
A p r i l  1969 

"Automobile Drivers Performance T e s t s "  

Problem Descr ip t ion  

A performance t e s t  of s u f f i c i e n t  s e n s i t i v i t y  i s  needed t o  quan t i fy  the 
e f f e c t s  of var ious  a i r  p o l l u t a n t s  (GO, 0 NO, NO ) on the  a b i l i t y  of au to-  
mobile d r i v e r s .  3' 2 

Background 

The r e sea rche r  has a genera l  i n t e r e s t  i n  the  e f f e c t s  of a i r  p o l l u t a n t s  
on l a rge  numbers of people. Aome of the  major p o l l u t a n t s  of i n t e r e s t  a r e  
carbon monoxide (GO), ozone (0 ), and the  oxides of n i t rogen  (NO, NO2). 
e f f e c t  of these  p o l l u t a n t s  on 2he human chemical physiology has been measured 
t o  a degree t h a t  s a t i s f i e s  t he  r e sea rche r .  However, he i s  no t  s a t i s f i e d  wi th  
the  l imi ted  knowledge of t h e  e f f e c t s  of p o l l u t a n t s  on human performance. 

The 

One of the  performance func t ions  t h a t  a f f e c t s  nea r ly  every person i n  
t h i s  country r e l a t e s  t o  automobile d r i v i n g .  The automobile d r i v e r  is exposed 
t o  varying types of a i r  p o l l u t a n t s ,  and carbon monoxide i s  one of the most 
common. Carbon monoxide can reach a l e v e l  of 50 ppm on busy freeways. The 
p o l l u t a n t s  of i n t e r e s t  are assumed t o  a f f e c t  d r i v e r  performance but  t e s t s  a r e  
needed t o  p r e c i s e l y  determine the  e f f e c t .  The reason f o r  t he  e f f e c t  is t h a t  
the  p o l l u t a n t s  of i n t e r e s t  cause anoxia ( i . e .  absence of oxygen). For example, 
one symptom of anoxia is s l eep iness .  

A number of performance tests have been used i n  eva lua t ing  d r i v e r  pe r fo r -  
mance. These inc lude  hea r ing  d i sc r imina t ion ,  t i m e  e s t ima t ion ,  v i s u a l  l i n e  
sepa ra t ion ,  mtnium d e t e c t a b l e  l i g h t  i n t e n s i t y ,  and c o l o r  matching. However, 
the  researcher  f e e l s  t h a t  these  t e s t s  a r e  base l ine  o r  r e s t i n g  cond i t ion  tes ts .  
Tes ts  are des i r ed  t h a t  include a s t r e s s  l e v e l  dur ing  the  tes t  where f a t i g u e  
and boredom are s t r e s s  f a c t o r s .  These tests w i l l  be performed wi th  var ious  
l e v e l s  of a i r  p o l l u t a n t s  as t h e  independent v a r i a b l e s .  

Requirements and Cons t r a in t s  

Concepts are des i r ed  f o r  evoking and measuring responses which are 
r e l a t e d  t o  automobile d r i v e r  performance and which can be used i n  a tes t  t o  be 
developed. A le r tnes s  and v ig i l ance  tests would be va luable .  I n h a l a t i o n  of 
the a i r  p o l l u t a n t s  of i n t e r e s t  is requi red  during t h e  t e s t s .  The t e s t  should 
a l s o  a l low var ious  l e v e l s  of boredom and f a t i g u e  t o  e x i s t  during the  t e s t s .  
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For more information c o n t a c t  

D r .  F. T. Wooten 
Research Tr i ang le  I n s t i t u t e  
P.  0. Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
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Problem Abst rac t  

Prepared f o r  

NATIONAL AERONAUTICS ANI) SPACE ADMINISTRATION 

by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

R T I  /AP-2 
Apr i l  1969 

"Remote Temperature Sensing Technique f o r  t h e  
Lower Two Kilometers of t h e  Atmosphere" 

Problem D e s  c r i p  t i o n  

changes of temperature  wi th  h e i g h t  i n  t h e  lower two (2) ki lometers  of the  
atmosphere. 

A remote, non-immersion, sens ing  technique is needed f o r  measuring 

Discussion 

(NAPCA) is  t o  provide each A i r  Qual i ty  Control  Region a quick means of 
ob ta in ing  atmospheric s t a b i l i t y  in format ion  i n  t h e  lower atmosphere, 
s p e c i f i c a l l y ,  t h e  reg ion  from t h e  e a r t h ' s  s u r f a c e  t o  1% t o  2 k i lometers .  
The s t a b i l i t y  can be dep ic t ed  by t h e  vertical p r o f i l e  of a temperature 
versus  he igh t  curve. The s t a b i l i t y  i n  t h e  lower atmosphere i s  one of t h e  
c o n t r o l l i n g  f a c t o r s  i n  t h e  bui ldup of a i r  p o l l u t i o n  concent ra t ions .  During 
per iods  of atmospheric s t a b i l i t y ,  i.e., when t h e  temperature is  n o t  decreasing 
wi th  h e i g h t , p o l l u t a n t s  are trapped w i t h i n  t h e  l a y e r  and concent ra t ions  
b u i l d  up. 
important  as t h e  change of temperature  wi th  he igh t .  

s enso r  be placed i n  t h e  parcel of a i r  being measured, e .g . ,  by a ba l loon  
o r  a f ixed  tower. 

A s o l u t i o n  t o  t h i s  problem would permit  NAPCA t o  b e t t e r  s a t i s f y  i t s  
r e s p o n s i b i l i t i e s  under t h e  Nat iona l  Clean A i r  A c t .  
monitoring s t a t i o n s  and meteoro logica l  s t a t i o n s  are p o t e n t i a l  users of 
such a remote sens ing  technique. 

A requirement of t h e  Nat iona l  A i r  P o l l u t i o n  Control  Adminis t ra t ion 

Ambient temperature  w i t h i n  t h e  s t a b i l i t y  l a y e r  is  no t  as 

Current ground-based temperature sens ing  techniques r e q u i r e  t h a t  t h e  

A l l  a i r  p o l l u t i o n  

Cons t r a in t s  and S p e c i f i c a t i o n s  

c h a r a c t e r i s  t i c s  : 
The temperature sens ing  technique should have t h e  fol lowing s p e c i f i c  

1. B e  p o r t a b l e  and ground-based, although in f r equen t  c a l i b r a t i o n  

2. Measure by i n d i r e c t  means, i -e . ,  non-immersion. 

3. 

by a i r c r a f t  would be  acceptab le ,  e.g., 30-day i n t e r v a l .  

The system s h a l l  ope ra t e  on an unattended on-cal l  b a s i s ,  wi th  
a response t i m e  of one hour o r  less. 
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4 .  Relative accuracy of t h e  temperature-height p r o f i l e  should 
be  on t h e  o rde r  of + .lo C/100 meters below t h e  mixing 
he igh t ,  i .e.,  top o f  t h e  s t a b l e  l a y e r .  

Vertical r e s o l u t i o n  below t h e  mixing h e i g h t  is on t h e  
o rde r  of - + 50 meters. 

5. 

For more informat ion  con tac t  

M r .  Richard C. Haws 
Research Tr i ang le  I n s t i t u t e  
Pos t  Of f i ce  Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
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Problem Abs t r ac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RTIJAP-3 
A p r i l  1969 

"Remote Wind Vector Sensing Technique f o r  t h e  
Lower Two Kilometers of t h e  Atmosphere" 

Problem Desc r ip t ion  

A remote, non-immersion, sens ing  technique i s  needed f o r  measuring 
wind vec to r s  and t h e i r  f l u c t u a t i o n s  i n  the  lower two (2) ki lometers  of t h e  
atmosphere. The i n t e r e s t  i s  on mixing and v e n t i l a t i o n  i n  t h i s  l a y e r .  

D i s  cus s i  on 

(NAPCA) is t o  provide  each Air Qual i ty  Control  Region wi th  a quick response 
method of ob ta in ing  wind v e c t o r  d a t a  i n  the  lower atmosphere, s p e c i f i c a l l y ,  
t h e  reg ion  from t h e  e a r t h ' s  s u r f a c e  t o  1% t o  2 ki lometers .  
w i l l  f a c i l i t a t e  t h e  e s t ima t ion  of mixing and v e n t i l a t i o n  i n  t h e  lower 
atmosphere. 

One of t h e  l a r g e r  f a c t o r s  i n  t h e  bui ldup of air  p o l l u t i o n  concent ra t ions  
is  t h e  l ack  of mixing and v e n t i l a t i o n  i n  t h e  lower atmosphere. A sens ing  
technique t o  measure x, y ,  z components of t h e  wind v e c t o r s  and t h e i r  
f l u c t u a t i o n s  i s  des i r ed .  The i n t e r e s t  is i n  mesoscale f e a t u r e s ,  i .e . ,  t o  
c h a r a c t e r i z e  t e n s  of minutes t o  an hour  i n  t i m e  and one t o  one hundred (1-100) 
k i lometers  i n  t h e  h o r i z o n t a l  plane.  

r e s p o n s i b i l i t i e s  under t h e  Nat iona l  Clean A i r  A c t .  
monitoring s t a t i o n s  and meteoro logica l  s t a t i o n s  are p o t e n t i a l  u se r s  of such 
a remote sens ing  technique. 

A requirement of t h e  Na t iona l  A i r  P o l l u t i o n  Control  Adminis t ra t ion  

These d a t a  

A s o l u t i o n  t o  t h i s  problem would permit NAPCA t o  b e t t e r  s a t i s f y  i t s  
A l l  a i r  p o l l u t i o n  

Cons t ra in ts  and S p e c i f i c a t i o n s  

1. B e  p o r t a b l e  and ground-based, although in f r equen t  c a l i b r a t i o n  

2. Measure by i n d i r e c t  means, i .e.,  non-immersion. 

by a i r c r a f t  would be accep tab le ,  e.g., 30-day interval. 

3. The system s h a l l  ope ra t e  on an unattended on-ca l l  b a s i s  with a 
response t i m e  of one hour o r  less. 
The senso r  s h a l l  p rovide  d a t a  on t h e  x ,  y ,  z components of t h e  
wind and t h e i r  f l u c t u a t i o n s .  

4 .  
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5. The i n t e r e s t  i s  mesoscale, i n  order  t o  cha rac t e r i ze  tens  of 
minutes t o  an hour i n  t i m e ,  one t o  one hundred (1-100) k i lometers  
i n  h o r i z o n t a l  space,  and v e r t i c a l l y  from t h e  s u r f a c e  t o  two (2) 
kilometers .  

Required accurac ies  are on t h e  order  of 2 10% of t h e  mean 
wind vec tor .  

6 .  

For more information contac t  

M r .  Richard C. Haws 
Research Tr iangle  I n s t i t u t e  
P o s t  Off ice  Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
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Problem Abstract 

Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Triangle Institute 
Technology Application Team 

RTI/AP-4 
May 1969 

"Long Term Geophysical Effects of Carbon Dioxide (Cog)'' 

Problem Description 

A better understanding and definition is needed of the residence 
times, sources, sinks, and concentration levels of carbon dioxide (CO 
in the atmosphere. 2 

Discussion 

An understanding of the long term global effects of air pollution 
on the climate and mankind is one of the highest priority problems 
being investigated by the National Air Pollution Control Administration 
(NAPCA). The need for an understanding and definition of pollutant 
removal and transformation mechanisms in the atmosphere is basic to 
determining the importance of air pollution related to long term 
geophysical effects. Although many gases are of interest, carbon dioxide 
will be investigated first. 
demography of population and air pollution. 

The long term objective of NAPCA is a complete 

CO characteristics of interest include: Natural sinks and sources, 
background concentration levels, half-life time, mean residence time, and 
continuous build up rates, if applicable. Radiation effects, transmissivity, 
weather modification effects, and nucleation are also to be considered. 

2 

Constraints and Specifications 

Global accuracies of an order of magnitude or better are suggested. 

For more information contact 

Mr. Richard C. Haws 
Research Triangle Institute 
P. 0. Box 12194 
Research Triangle Park 
North Carolina 27709 
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Problem Abstract 

Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Triangle Institute 
Technology Application Team 

RTI/AP-5 
May 1969 

"Long Term Geophysical Effects of Particulates in 
the 0.2 to 0.5 Micron Size Range" 

Problem Description 

A better understanding and definition is needed of the residence 
times, sources, sinks, number of particles and density of particulates 
in the atmosphere. 

Discussion 

An understanding of the long term global effects of air pollution 
on the climate and mankind is one of the highest priority problems being 
investigated by the National Air Pollution Control Administration (NAPCA). 
Information is needed on the radiation effects, transmissivity, weather 
modification effects, nucleation, mean residence times, natural sinks, 
and sources of particulates in the atmosphere. Natural aerosols or 
volcanic dust are possibilities for study. 

An answer to these problems would give NAPCA, and other investi- 
gators 
on climate. 

a potential to determine long term effects of air pollution 

Constraints and Specifications 

1. Emphasis is on particulates in the 0.2 to 0.5 micron size range. 

2. Limits of detection of 2 50% in number of particles and their 
density . 

For more information contact 

Mr. Richard C. Haws 
Research Triangle InstiCute 
P. 0. Box 12194 
Research Triangle Park 
North Carolina 27709 
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Problem Abstract 

Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Triangle Institute 
Technology Application Team 

RTI /AP-~O 
May 1969 

"Development of Advanced Pollutant Sensor for Methane'' 

Problem Description 

An advanced sensor which is capable of measuring methane (CH ) in 4 urban environments is needed. 

Background 

Methane is one of the naturally occurring background constituents 
in the atmosphere. Although methane is relatively non-reactive and does 
not undergo photochemical reactions, it is important to be able to 
measure the amount of methane in urban environments, so that the concen- 
tration of reactive hydrocarbons in the atmosphere can be determined 
(i.e., total hydrocarbons minus methane equals reactive hydrocarbons). 
These reactive hydrocarbon take part in the formation of "photochemical 
smog", which is the classical terminology for an air pollution system 
characterized by photochemical reactions between oxides of nitrogen and 
many organics in the presence of sunlight. 

Presently, a gas chromatographic technique is used for determining 
CHq in ambient air; however, it would be desirable to develop new tech- 
niques or improve existing techniques as far as sensitivity and accuracy. 

For more information contact 

Dr. J. J. Wortman 
Research Triangle Institute 
P. 0. Box 12194 
Research Triangle Park 
North Carolina 27709 
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Problem Abstract 

Prepared for 
NATIONAL AEKONAUTICS AND SPACE ADMINISTRATION 

by 
Research Triangle Institute 
Technology Application Team 

RT I /AP- 11 
May 1969 

"Development of Advanced Pollutant Sensor for Sulfur Dioxide" 

Problem Description 

There is a need for an advanced sulfur dioxide (SO2) analyzer which is 
capable of measuring SO 

Background 

in the atmosphere as well as in stack effluents. 2 

Sulfur dioxide is produced by the combustion of sulfur-containing 
fuels, such as coal and oil, sulfuric acid plants, in metallurgical 
processes involving ores containing sulfur, and in incineration of solid 
waste. at concentrations normally found in the 
atmosphere (pphm range) are damage to plant and materials, visibility 
reduction, and irritation of the upper respiratory tack of man. 

The major effects of SO 2 

Present techniques for measuring sulfur dioxide include spectro- 
photometric (West-Gaeke Method), conductrometric, flame photometric, 
and process gas chromatographic. 
ambient air appear to be adequate; however, there is a great need for 
better remote sensing systems. Both direct measurements techniques as 
well as remote sensing devices are needed for the establishment of and 
enforcement of abatement criteria and for source testing. 

Measurement techniques for SO2 in 

For more information contact 

Dr. J. J. Wortman 
Research Triangle Institute 
P .  0. Box 12194 
Research Triangle Park 
North Carolina 27709 
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Problem Abst rac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

bY 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

"Development of Advanced P o l l u t a n t  Sensor f o r  Fluoride" 

RT I /AP- 2 2 
May 1969 

- Problem Desc r ip t ion  

An advanced sensor  which i s  capable  of measuring f l u o r i d e  i n  urban 
environments and i n  s t a c k  gases  is needed. 

Background 

Considerable i n t e r e s t  has been d i r e c t e d  toward the  determinat ion of 
f l u o r i d e  in  ambient a i r  and s t a c k  gases .  F luor ide ,  which has been shown 
t o  be de t r imen ta l  t o  vege ta t ion  and animals ,  is emit ted i n t o  the environ- 
ment from var ious  i n d u s t r i a l  p rocesses ,  such as phosphate f e r t i l i z e r  
product ion,  aluminum reduct ion ,  and metal  smelt ing processes ,  Ambient 
f l u o r i d e  damages s e n s i t i v e  p l a n t s  and is harmful t o  animals t h a t  have ea ten  
contaminated forage .  The concent ra t ion  of f l u o r i d e  i n  ambient a i r  i s  
usua l ly  too low t o  cause damage by i n h a l a t i o n .  

T r a d i t i o n a l l y ,  f l u o r i d e  has been determined volumetr ica l ly ,  conduct i -  
me t r  i ca  1 l y  , potent  iome tr  ica 1 l y  , complexome tr i c a l  l y  , gravimetr  i c a  1 l y  , and 
c o l o r i m e t r i c a l l y .  However, a l l  of these techniques have been manual and 
none of them have been adapted t o  a n  automated system and lack  s p e c i f i c i t y .  
An ana lyzer  which is capable  of measuring f l u o r i d e  i n  urban envrionments 
and i n  s t a c k  gases is needed t o  provide information necessary f o r  developing 
c r i t e r i a  f o r  abatement a c t i v i t i e s .  

Requirements and Cons t r a in t s  

The requirements f o r  a f l u o r i d e  sensor  a r e  t h a t  i t  be a s p e c i f i c ,  
real  time ana lyzer  capable  of measuring f l u o r i d e  i n  ambient a i r  and s t a c k  
gas .  Measurements of f l u o r i d e  concent ra t ions  i n  t h e  range 1 ppb t o  1000 ppm 
with an accuracy of ,+ 5% are  d e s i r a b l e .  

For more information con tac t  

D r .  J .  J .  Wortman 
Research Tr iangle  I n s t i t u t e  
P.  0. Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
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by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RTI/AP-25 
May 1969 

"Development of Advanced P o l l u t a n t  Sensors f o r  Carbon Dioxide" 

Problem Desc r ip t ion  

An advanced senso r  which is capable  of measuring carbon d ioxide  (COP) 
i n  urban environments and i n  s t a c k  e f f l u e n t s  is  needed. 

Background 

Carbon d ioxide  is  n o t  normally considered an  a i r  p o l l u t a n t  because 
t h e  uncontaminated atmosphere has  a concen t r a t ion  of approximately 300 ppm, 
i t  is  e s s e n t i a l  f o r  animal and p l a n t  l i f e ,  and a concen t r a t ion  of a t  least 
5000 ppm i n  a i r  is  necessary t o  adverse ly  a f f e c t  man's r e s p i r a t i o n .  
However, world-wide atmospheric concent ra t ions  of C 0 2  have been r i s i n g  
s t e a d i l y  s i n c e  t h e  mid-19th century  due t o  inc reased  combustion of 
f o s s i l  f u e l .  Carbon d ioxide  has  an  undes i r ab le  e f f e c t  causing d e t e r i o r a -  
t i o n  of bu i ld ing  s t o n e ,  such as l imes tone  and p l a y s  an  important  r o l e  i n  
t h e  h e a t  ba lance  of t h e  e a r t h .  The l e v e l s  of C 0 2  i n  t h e  atmosphere needs 
t o  be known t o  determine long term changes in t h e  geophysical  l e v e l s  of 
co2. 

P r e s e n t l y ,  non-dispers ive i n f r a r e d  and gas chromatographic techniques 
are used t o  measure C02 i n  ambient a i r  i n  p a r t  pe r  m i l l i o n  concen t r a t ions ,  
whi le  less s e n s i t i v e  techniques (i.e., g rav ime t r i c ,  vo lumetr ic )  are used 
i n  source  t e s t i n g .  
necessary.  

Improvements i n  both accuracy and f l e x i b i l i t y  are 

Requirements and Cons t r a in t s  

An improved real t i m e  ana lyzer  capable  of measuring CO2 i n  ambient 
a i r  and stack gases  is needed. 
ambient a i r  and 0.1 t o  25 percent  i n  s t a c k  gases  wi th  a d e s i r e d  accuracy 
of 5 5%. 
has a l i m i t e d  range. 

The range of i n t e r e s t  is  1-3000 ppm i n  

P resen t  i n f r a r e d  ins t rumenta t ion  has  an  accuracy of & 20% and 

For more informat ion  con tac t  

D r .  J. J. Wortman 
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
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Problem Abstract 

Prepared for 
RT I /AP-2 6 
May 1969 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Triangle Institute 
Technology Application Team 

"Development of Advanced Pollutant Sensors for Total Hydrocarbons" 

Problem Description 

An advanced sensor which is capable of measuring the concentration of 
total hydrocarbons in ambient air, auto exhaust, and incinerator effluents 
is needed. 

Background 

Total hydrocarbons are defined as methane plus C2-C6 organics and 
comprise 95 to 99% of the hydrocarbons in the atmosphere. 
excluding methane, are emitted to the atmosphere during the incomplete 
combustion of all fuels (including rubbish, agriculture waste);however, 
automobile exhaust is the major source. 
react chemically with nitrogen dioxide in the presence of sunlight to 
produce "photochemical pollutants" (i.e., ozone, peroxy-acetyl nitrate, 
aldehydes) which can cause eye irritation, plant damage, visibility 
restricting aerosols, and deterioration of materials. The knowledge of 
the concentration of total hydrocarbons in the atmosphere is useful in 
determining pollution due to automobiles and incineration, evaluation of 
smog control devices, and prediction of smog episodes. 

Hydrocarbons, 

The C to C6 hydrocarbons 2 

Presently, a flame ionization detector and a gas chromatographic 
technique have been used to determine total hydrocarbons in the above 
environments; however, a lack of knowledge about flame chemistry and 
inadequaticies of sample introduction to the flame have impaired progress 
in this area. 

Requirements and Constraints 

The requirements for an advanced analyzer are that it be able to 
measure THC in the range 1-10 ppm and have an accuracy of 2 0.1 ppm. 
would be desirable to develop a new system for counting carbon atoms. 

It 

For more information contact 

Dr. J. J. Wortman 
Research Triangle Institute 
P .  0. Box 12194 
Research Triangle Park 
North Carolina 27709 
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by 
Research Tr iangle  I n s t i t u t e  
Technology Appl ica t ion  Team 

RT I /AP- 2 7 
May 1969 

"Development of Advanced P o l l u t a n t  Sensors f o r  Carbon Monoxide" 

Problem Descr ip t ion  

An advanced senso r  which is  capable  of measuring carbon monoxide 
(CO) i n  urban environments, a u t o  exhaust,  and s t a c k  e f f l u e n t s  is 
needed. 

Background 

Carbon monoxide is one of t h e  major a i r  p o l l u t a n t s  i n  urban environ- 
ments, and is emi t ted  i n  au to  exhaust  and from incomplete combustion of 
carbonaceous materials. Carbon monoxide i s  a poisonous i n h a l a n t ,  and 
e x i s t s  i n  concen t r a t ions  h ighe r  than any o t h e r  t o x i c  gaseous a i r  
p o l l u t a n t  i n  urban environments. The e f f e c t  of CO is  t o  depr ive  body 
t i s s u e  of necessary oxygen, due t o  i t s  s t r o n g  a f f i n i t y  f o r  hemoglobin. 
An instrument  i s  needed which is capable  of measuring t h e  concen t r a t ion  
of 60 i n  t h e  above environments i n  o rde r  t o  permit  t h e  de te rmina t ion  of 
the  gene ra l  d i s t r i b u t i o n  of CO i n  t h e  atmosphere, t h e  level of exposure 
t o  i n d i v i d u a l s  i n  urban environments, and t h e  eva lua t ion  of smog c o n t r o l  
devices.  

P r e s e n t l y ,  carbon monoxide i n  t h e  p a r t s  p e r  m i l l i o n  l e v e l  is  determined 
using non-dispers ive i n f r a r e d  and gas chromatographic techniques;  however, 
t h e s e  techniques r e q u i r e  expensive equipment and t h e  s e n s i t i v i t y  is  less 
than d e s i r a b l e .  

Requirements and Cons t r a in t s  

A real t i m e  ana lyzer  capable  of measuring CO i n  ambient a i r  (0-25 ppm), 
au to  exhaust  (1-300 ppm), and s t a c k  gas  (1-3000 ppm) i s  needed. An 
accuracy of 5 5% is d e s i r a b l e  f o r  measuring CO i n  t h e  above environments. 

For more informat ion  con tac t  

D r .  J. J. Wortman 
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
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by 
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Technology Appl ica t ion  Team 

RT I AP- 28 
May 1969 

"Improvement i n  Adsorption and Absorption Techniques 
f o r  Removing P o l l u t a n t s  from Carrier Gas Streams 

Could be B e n e f i c i a l  t o  A i r  P o l l u t i o n  Control" 

Problem Descr ip t ion  

Improvement i s  needed i n  adsorp t ion  and abso rp t ion  techniques f o r  
removing p o l l u t a n t s  from c a r r i e r  gas s t reams and could be b e n e f i c i a l  t o  a i r  
p o l l u t i o n  c o n t r o l ,  

Background 

Current ly  adso rp t ion  is  used  i n  a i r  p o l l u t i o n  c o n t r o l  mainly on 
r e l a t i v e l y  small volumes of e f f l u e n t  gas .  A s e r i o u s  r e s t r i c t i o n  on the  use 
of a c t i v a t e d  carbon, one of t he  b e s t  of the  adsorbants ,  is t h a t  a t  e leva ted  
temperature,  i t  i s  s u b j e c t  t o  spontaneous combustion. Absorpt ion,  wi th  
accompanying chemical r eac t ion ,  by var ious  types of s o l u t i o n s  is  promising 
i n  many a r e a s .  

B e t t e r  adsorbants  and absorbing s o l u t i o n s  f o r  s p e c i f i c  compounds than 
are now being used, and b e t t e r  e f f i c i e n c y  from manipulation of temperature,  
p ressure  o r  con tac t  time (geometry) a r e  examples of improvements t h a t  could 
be of va lue .  S p e c i f i c  types o r  s p e c i f i c  p o l l u t a n t s  of g r e a t e s t  i n t e r e s t  
are oxides of s u l f u r ,  oxides of n i t rogen  organics  and oxides of carbon. 

For more information c o n t a c t  

D r .  Lyman A .  Ripperton 
Research Tr iangle  I n s t i t u t e  
P.  0. Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
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Problem Abst rac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RT I / AP- 2 9 
May 1969 

"Ins t rumenta t ion  f o r  t h e  I n v e s t i g a t i o n  of Flame Chemistry" 

Problem Desc r ip t ion  

Be t t e r  ins t rumenta t ion  f o r  t he  i n v e s t i g a t i o n  of flame chemistry is needed 
by the  Nat iona l  A i r  P o l l u t i o n  Control  Adminis t ra t ion.  

Background 

The s tudy of flame chemistry is complicated by a number of f a c t o r s ,  among 
them being the e leva ted  temperatures and t h e  extreme r a p i d i t y  of t h e  r e a c t i o n s  
involved. A knowledge of t h e  cha in  r eac t ions  involved and the  f r e e  r a d i c a l s  
produced can suggest  a po in t  of a t t a c k  on the  combustion process  which may 
reduce the production of undes i rab le  combustion products .  

Requirements and Cons t r a in t s  

The instruments  should be designed t o  measure t h e  flames conten t  i n  s i t u .  
Ext rac ted  smaples do not  have the same chemical c h a r a c t e r i s t i c  ( e .g . ,  no f r e e  
r a d i c a l s ,  e t c . )  as i n  s i t u  flame con ten t .  

For more information con tac t  

D r .  Lyman A .  Ripperton 
Research Tr iangle  I n s t i t u t e  
P .  0. Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
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Technology Appl ica t ion  Team 

RTI  /AP-30 
May 1969 

"Effec t  of Trace Q u a n t i t i e s  of Metals, and I m p u r i t i e s  
on P o l l u t a n t  I d e n t i t y  and Output i n  Combustion" 

Problem Desc r ip t ion  

Knowledge of t he  e f f e c t  of t r a c e  q u a n t i t i e s  of me ta l s ,  o t h e r  
a d d i t i v e s  and impur i t i e s  on t h e  i d e n t i t y  and output  of p o l l u t a n t s  i n  
combustion e f f l u e n t  i s  needed. 

Background 

The Nat iona l  A i r  P o l l u t i o n  Cont ro l  Adminis t ra t ion  is i n v e s t i g a t i n g  
the  e f f e c t  of f u e l  a d d i t i v e s  on combustion e f f l u e n t .  P r i n c i p a l l y ,  they a r e  
u t i l i z i n g  var ious  meta l  carbonyls .  General information about t h e  behavior 
of var ious  a d d i t i v e s  i n  combustion chemistry might be of va lue  i n  a i d i n g  
NAPCA i n  i t s  i n v e s t i g a t i o n .  S p e c i f i c  information regard ing  t h e  e f f e c t  of 
f u e l  a d d i t i v e  on production of the oxides of n i t rogen ,  the s i z e  and type of 
p a r t i c u l a t e  ma t t e r ,  and t h e  kinds and q u a n t i t i e s  of organic  compounds i n  the  
exhaust e f f l u e n t  would be of even more va lue .  

For more information con tac t  

D r .  Lyman A .  Ripperton 
Research Tr i ang le  I n s t i t u t e  
P .  0. Box 12194 
Research Tr i ang le  Park  
North Caro l ina  27709 
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by 
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Technology Appl ica t ion  Team 

RT I / AP- 3 1 
May 1969 

"Analyt ical  Techniques f o r  the Trace Metals i n  Combustion 
E f f l u e n t  and Waste Gases from Metal Processing,  

Both i n  Col lec ted  P a r t i c l e s  and i n  s i tu ' '  -- 

Problem D e s c r i p t i o n  

A n a l y t i c a l  techniques f o r  t h e  trace metals i n  combustion e f f l u e n t  and 
waste gases  from metal  processing,  both i n  c o l l e c t e d  p a r t i c l e s  and i n  s i t u  
are  needed. 

Background 

NAPCA i s  i n v e s t i g a t i n g  metallic a i r  p o l l u t a n t s  and i s ,  i n  genera l ,  
d i s s a t i s f i e d  with c u r r e n t l y  a v a i l a b l e  a n a l y t i c a l  techniques,  The o f f i c i a l  
NAPCA p r i o r i t y  of i n t e r e s t  i n  t hese  substances i s :  

1st P r i o r i t y  

Arsenic  
Asbestos 
Bery 1 1 ium 
C a dm i um 
Me rc ury 
Nickel 

2nd P r i o r i t y  3rd P r i o r i t y  

Be r ium I r o n  
C h r  omi um Manganese 
Vanadium Selenium 

Z i n c  

These substances w i l l  be found i n  t h e  p a r t i c u l a t e  (probably s o l i d  only) 
phase of var ious  combustion e f f l u e n t s .  I n  s i t u  a n a l y s i s  would. be h ighly  
d e s i r a b l e ,  but a n a l y s i s  of t h e  c o l l e c t e d  material i s  the  c u r r e n t  r o l e .  

Cons t ra in ts  and S p e c i f i c a t i o n s  

The l i m i t  of d e t e c t a b i l i t y  d e s i r e d  is 2 0.1% of t h e  c o l l e c t e d  
p a r t i c u l a t e  matter. The accuracy d e s i r e d  is 2 10%. Time of a n a l y s i s  is no t  
c u r r e n t l y  a f a c t o r .  NAPCA needs t o  know t h e  form of t h e  samples needed f o r  a 
given type of ana l y s  is .  

For more information c o n t a c t  

D r .  Lyman A.  Ripperton 
Research T r i a n g l e  I n s t i t u t e  
P. 0. Box 12194 
Research T r i a n g l e  Park  
North Caro l ina  27709 
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Problem Desc r ip t ion  

An e f f i c i e n t  combustion process i s  needed which w i l l  minimize t h e  
emission of NOx and SOx t o  the  atmosphere. There is a p o s s i b i l i t y  t h a t  
s o l i d  materials, perhaps wi th  both a d s o r p t i v e  o r  c a t a l y t i c  p r o p e r t i e s ,  
can  be used i n  a f l u i d i z e d  s ta te  t o  assist i n  t h e  combustion of l i q u i d ,  
s o l i d  o r  gaseous f u e l s  and a t  t h e  same t i m e  provide NOx reduct ion  and 
SO adso rb t ion .  

Background 

X 

The r e sea rche r  i s  i n t e r e s t e d  i n  developing a combustion process ,  i f  
need be, from e x i s t i n g  p r i n c i p l e s  and information, o r  by adap t ing  o the r  
processes t o  t h i s  a p p l i c a t i o n .  He has information which l eads  him t o  
be l i eve  t h a t  f i n e l y  d iv ided  s o l i d  p a r t i c l e s  having s u i t a b l e  s u r f a c e  and 
chemical p r o p e r t i e s  could se rve  as a combustion v e h i c l e  i n  the  f l u i d i z e d  
s t a t e .  

To t h e  end of d e v i s i n g  such a process ,  information is requi red  i n  the  

1) F lu id i zed  bed combustion processes .  
2) C a t a l y t i c  and a d s o r p t i v e  p r o p e r t i e s  of s o l i d  materials having 

3 )  Flu id  mechanics of f l u i d i z e d  beds as a p p l i e d  t o  combustion e f f i c i e n c y .  
4 )  Atomization and combustion of l i q u i d  f u e l s  (conventional f u e l s  on ly ) .  
5) Composition of combustion gases .  
6) 
7) 

following gene ra l  areas: 

h igh  thermal s t a b i l i t y .  

Steam gene ra t ion  us ing  f l u i d i z e d  bed combustion processes .  
Adsorption and r e a c t i o n s  of NOx and SO on s o l i d  s u r f a c e s .  

X 

For more information c o n t a c t  

D r .  John C .  Orcu t t  
Research Tr i ang le  I n s t i t u t e  
P.  0. Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
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Problem Abstract 

Prepared for 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Triangle Institute 
Technology Application Team 

RTI/AP-33 
May 1969 

"Working Fluids for Rankine Cycle Engines" 

Problem Description 

A working fluid is needed which is optimized for use in a Rankine 
cycle propulsion system for passenger vehicles. 

Background 

The Motor Vehicle Research and Development Division of the National 
Air Pollution Control Administration is responsible for developing in- 
herently low-emission vehicles to meet future air pollution standards. 
An approach to meeting this requirement is the development of low pol- 
lution propulsion systems based on the Rankine cycle. The identification 
and development of suitable working fluids for use in such an engine is 
a critical area of concern, since many of the design parameters of the 
engine depend directly on the physical characteristics of the working 
fluid . 

Fluids which are stable at high temperature enable the design of 
Rankine engines with high thermal efficiencies. For example, an increase 
in peak cycle temperature from 600' F to 800' F translates to an overall 
thermal efficiency gain of approximately thirty percent in a Rankine 
cycle engine. A related problem is the typically skewed shape of the 
temperature-entropy (T-S) diagrams, which limits the actual Rankine 
efficiency to about half the Carnot efficiency. 
nearly parallel vertical sides on the T-S diagram in the temperature range 
of interest could equal or exceed the efficiency of a higher temperature 
fluid with less favorable temperature-entropy characteristics, since 
the nearly parallel-vertical characteristics allow the Rankine efficiency 
to approach the Carnot efficiency. 

A given working fluid with 

The alternatives to finding a Rankine cycle fluid with better T-S 
characteristics include solving the freezing problem with water and 
using a liquid metal such as mercury as the working fluid. Because of 
its abundance and excellent thermal stability, water should still be 
considered for advanced systems if freezing and lubrication problems can 
be eased. 
and public, the required quantities of engines virtually excludes liquid 
metals on a cost and availability basis. 

Since the intended application is passenger vehicles both private 

32 



Requirements and C o n s t r a i n t s  

0 
The working f l u i d  should be chemically s t a b l e  t o  a t  least  600 F. 

Temperature of fus ion  should be noohigher than  t h e  minimum temperature 
automobiles encounter,  roughly -40 F. The f l u i d  must be s e l f - l u b r i c a t i n g  
o r  compatible wi th  a p p r o p r i a t e  l u b r i c a n t s .  

Because of t h e  ga in  i n  thermal e f f i c i e n c y  wi th  increased  peak c y c l e  
temperature,  a f l u i d  s u i t a b l e  f o r  extended use (2,000 hours) a t  h igh  
temperatures i s  p a r t i c u l a r l y  a t t r a c t i v e .  Good h e a t  t r a n s f e r  p r o p e r t i e s  
and minimum f o u l i n g  of c r i t i c a l  h e a t  t r a n s f e r  s u r f a c e s  du r ing  veh ic l e  
l i f e  are requi red .  The f l u i d  should p re sen t  a minimum s a f e t y  and waste 
d i s p o s a l  problem. 

For more information c o n t a c t  

R. L .  Beadles 
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
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Problem Abs t r ac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

bY 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RTI  / AP- 3 5 
May 1969 

"Heat Trans fe r  t o  Small Gas Borne P a r t i c l e s "  

Problem Desc r ip t ion  

A d e s c r i p t i o n  is  needed of t h e  hea t  t r a n s f e r  from a h o t  gas t o  small 
p a r t i c l e s  pass ing  through the  gas wi th  a s h o r t  r e s idence  t i m e .  

Background 

The r e sea rche r  i s  seeking  a broad understanding of t h e  combustion process 
as i t  r e l a t e s  t o  a i r  p o l l u t i o n .  A depth of understanding of t h e  fundamentals 
of combustion is needed inc lud ing  f u e l  mixing, temperature p r o f i l e s  and 
f a c t o r s  which determine t h e  products of combustion. P a r t i c l e  c h a r a c t e r i s t i c s  
which a r e  expected t o  be important i n  the  h e a t  t r a n s f e r  process a r e  s i z e ,  
shape, and s u r f a c e  q u a l i t y .  P a r t i c l e s  may be composed of organic  material, 
meta ls  and meta l  ox ides ,  o i l  o r  d u s t .  

The temperature of c e r t a i n  materials involved i n  combustion i s  c r i t i ca l  
i n  the  de te rmina t ion  of by-products which are achieved .  Having an understanding 
of t he  h e a t  t r a n s f e r  t o  small p a r t i c l e s  can be very  h e l p f u l  i n  determining 
burner des ign  and i n j e c t i o n  procedures t o  c o n t r o l  the  a i r  p o l l u t i o n  products 
of combust ion.  

Requirements and Cons t r a in t s  

0 
The temperature of primary i n t e r e s t  is between 1600 and 2000 F. The 

p a r t i c l e  res idence  t i m e  i n  t h e  h o t  gas reg ion  is less than 112 second. 

For more information con tac t  

D r .  L. F. Bal la rd  
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Caro l ina  27709 
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Problem Abs t r ac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RTI/AP-37 
May 1969 

"Physical  Considerat ion i n  Optimizing Fuel  A i r  Mixture" 

Problem Descr ip t ion  

Burner des ign  c r i t e r i a  a r e  needed which optimize the  f u e l  a i r  
mixture wi th  respect t o  a i r  p o l l u t i o n  products .  

Background 

The researcher  d e s i r e s  an understanding of combustion processes  such 
a s  drop-wise combustion. Hardware design c r i t e r i a  f o r  maxium combustion 
e f f i c i e n c y  may no t  be c o n s i s t e n t  wi th  the  a i m s  of a i r  p o l l u t i o n .  However, 
a knowledge of combustion chamber des ign  and the  phys ica l  c h a r a c t e r i s  t i cs  
during combustion may be use fu l  i n  the  des ign  of systems having d i f f e r e n t  
op t imiza t ion  c r i t e r i a .  Of p a r t i c u l a r  i n t e r e s t  a r e  the ae roso l  genera t ion  
c h a r a c t e r i s t i c s  of the f u e l  i n j e c t i o n  system, Addi t iona l  information is 
des i red  concerning the  e f f e c t s  of organometal l ic  compounds o r  o the r  f u e l  
add it  ives  . 
Requirements and Cons t r a in t s  

Fuels of i n t e r e s t  a r e  low grades ranging from kerosene t o  heavy o i l s .  
0 Gas temperatures of i n t e r e s t  are between 1600 and 2000 F .  

For more information con tac t  

D r .  L .  F .  Bal lard 
Research Tr iangle  I n s t i t u t e  
P.  0 .  Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
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Problem Abst rac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

bY 
Kesearch Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RT I / AP-3 8 
May 1969 

"Measuring Techniques f o r  Airborne P a r t i c u l a t e s "  

Problem Descr ip t ion  

A rap id  technique f o r  measuring the  s i z e  an3 concen t r a t ion  of a i rbo rne  
p a r t i c u l a t e s  is  needed. 

Background 

P a r t i c u l a t e  ma t t e r  which o r i g i n a t e  i n  a wide v a r i e t y  of i n d u s t r i a l  
and n a t u r a l  processes  is  a major a i r  p o l l u t i o n  problem. The researcher  
d e s i r e s  t o  measure the concent ra t ion  and s i z e  of these  p a r t i c l e s  r ap id ly  
i n  order  t o  c o n t r o l  t h e i r  emission. I n - s i t u  techiques a r e  p re fe r r ed  but  
a rap id  procedure f o r  measuring ex t r ac t ed  smap les  would a l s o  be of value.  

Two techniques a r e  commonly used a t  the p re sen t  t i m e .  I n  the  f i r s t ,  
a sample of p a r t i c u l a t e  mat te r  i s  c o l l e c t e d  on an  adhesive su r face .  The 
p a r t i c l e  s i z e  and d e n s i t y  a r e  then obtained by v i s u a l  inspec t ion  under a 
microscope. Another technique involves c o l l e c t i n g  p a r t i c l e s  i n  a l i qu id  
c a r r i e r  which is monitored by a Coul te r  counter .  

A measurement technique which i d e n t i f i e s  the  shape of p a r t i c l e s  would 
be a d i s t i n c t  advantage b u t  t h i s  is not a prime r e q u i s i t e .  

Requirements and Cons t ra in ts  

P a r t i c l e  diameters  of concegn l i e  i n  the range of 0 . 1  t o  10 microns. 
P a r t i c l e  concent ra t ions  up t o  10 
has a v e l o c i t g  between 20 f t / s e c  and 120 f t l s e c .  
l e s s  than  400 F. 

f t '3 a r e  of concern.  The gas stream 
The gas temperature is  

For  more information con tac t  

D r .  L. F. Bal la rd  
Research Tr iangle  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
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Problem Abst rac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

" G a s  Exchange Capaci ty  of t h e  Lungs" 

RTI/AP-39 
May 1969 

Problem Descr ip t ion  

A method of measuring the gas exchange capac i ty  of the lungs as they 
develop from b i r t h  t o  ma tu r i ty ,  p a r t i c u l a r l y  from b i r t h  t o  approximately 
e i g h t  yea r s  i s  des i r ed .  

Background 

The gas exchange capac i ty  o r  d i f f u s i o n  capac i ty  of t he  lungs can be 
def ined as the  number of m i l l i l i t e r s  of a gas a t  s tandard  temperature and 
pressure  d i f f u s i n g  ac ross  the  pulmonary membrane per  minute per mi l l ime te r  
of mercury of pa r t i a l  pressure  d i f f e r e n c e  between a l v e o l a r  a i r  and pulmonary 
c a p i l l a r y  blood. The gas exchange capac i ty  of t he  lungs as they develop 
from b i r t h  t o  approximately e i g h t  years  of age has  no t  been determined. I t  
is  des i r ed  t o  know what e f f e c t s ,  i f  any, environmental  f a c t o r s  have on the  
development of gas exchange capac i ty  e s p e c i a l l y  i n  the  f i r s t  e i g h t  yea r s .  
I n  order  t o  determine the e f f e c t s  of environmental  f a c t o r s  on gas exchange 
capac i ty  during these  developmental yea r s ,  i t  i s  necessary t o  measure the  
gas exchange capac i ty  of t h e  lungs of c h i l d r e n  l i v i n g  i n  var ious  environ- 
ments a s  they develop. 

Severa l  techniques have beendeveloped t o  measure gas exchange capac i ty .  
Each method has  i t s  l i m i t a t i o n s .  The CO method, from which s e v e r a l  techniques 
have been developed, i s  perhaps the  most widely used. The CO method is  based 
on the premise t h a t  i f  Pco is kept  below s e v e r a l  percent  of a n  atmosphere, 
the  capac i ty  of the hemoglobin i n  t h e  blood is  g r e a t  enough t o  bind a l l  the 
CO t h a t  c ros ses  the  pulmonary membrane. This  permits  t h e  assumption t h a t  
Pco i n  the  c a p i l l a r i e s  i s  ze ro  and the  gas exchange capac i ty ,  o r  d i f f u s i n g  
capac i ty  D of t h e  lung can  be expressed:  L' 

DL = CO uptake i n  ml/min 
Alveolar  Pco i n  nun Hg 

A l l  the  CO methods are r e l a t i v e l y  d i f f i c u l t  t o  use,  e s p e c i a l l y  on c h i l d r e n .  
I n  add i t ion ,  they involve var ious  approximations o r  a d d i t i o n a l  measurements 
which would be d e s i r a b l e  t o  e l imina te .  For example, t he  var ious  methods 
genera l ly  r e q u i r e  a t  least  one of the  following: (a) a l v e o l a r  Pco is 
est imated,  (2) dead space volume is assumed o r  independently measured, 
( c )  a l v e o l a r  volume is measured independently,  (d) a l v e o l a r  v e n t i l a t i o n  i s  
measured or  es t imated independently,  (e )  Pco i n  a r t e r i a l  blood is measured. 
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Requirements and Cons t r a in t s  

An accura t e ,  simple method of measuring the  gas exchange capac i ty  of 
lungs s u i t a b l e  f o r  use on c h i l d r e n  is requi red .  It is  d e s i r a b l e  t h a t  t h e  
measurement be s u f f i c i e n t l y  easy t o  perform s o  t h a t  it can be used i n  a 
screening  program and can be adminis tered by r e l a t i v e l y  untrained personnel .  

For more information con tac t  

Mr. Ernes t  Harr ison,  Jr. 
Research Tr iangle  I n s t i t u e  
P. 0. Box 12194 
Research Tr iangle  Park 
North Caro l ina  27709 
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Problem Abst rac t  

Prepared f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

by 
Research Tr i ang le  I n s t i t u t e  
Technology Appl ica t ion  Team 

RTI/AP-41 
J u l y  1969 

"Development of Advanced P o l l u t a n t  Sensor f o r  Measuring Oxides o f  Nitrogen" 
. .  

Problem Desc r ip t ion  

An instrument  o r  technique is needed f o r  measuring s p e c i f i c a l l y  the  
concen t r a t ion  of NO, N02, or  t o t a l  oxides of n i t rogen  i n  a i r .  

Background 

Oxides of n i t rogen  (NO,) which inc lude  NO, N02, N2O4, e tc .  , are  
important sources  of p o l l u t a n t s  i n  urban environments, a u t o  exhaust ,  and 
s t a c k  e f f l u e n t s .  There are no good instruments  o r  techniques a v a i l a b l e  
f o r  monitor ing e i t h e r  NO o r  NO2. 
t o t a l  oxides of n i t rogen  i n  the  above environments. The a v a i l a b i l i t y  of 
such a sensor  o r  sensors  would permit the  development of c r i t e r i a  f o r  
abatement a c t i v i t i e s  , eva lua t ion  of smog c o n t r o l  dev ices ,  and the  predic-  
t i o n  of smog episodes.  

A compromise has  been t o  measure t h e  

Nitr ic  oxide (NO) i s  measured i n d i r e c t l y  us ing  a wet-chemichal method 
of a n a l y s i s  (Saltzman), where NO is  oxidized t o  n i t rogen  d ioxide  (N02)  and 
determined spec t rophotometr ica l ly .  However, t h i s  method of a n a l y s i s  i s  
u n s a t i s f a c t o r y  due t o  v a r i a t i o n s  i n  conversion e f f i c i e n c y  encounter when 
NO i s  oxidized t o  NO2 us ing  a chromic a c i d  scrubber  and ob jec t s  t o  the  
i n d i r e c t  approach. 

Poss ib l e  techniques f o r  measuring t o t a l  oxides  of n i t rogen  include 
spec t roscopic ,  flame emission, e lec t rochemica l  and gas  phase r e a c t i o n  
systems. These techniques l ack  refinement and have n o t  been adapted t o  
such environments as in - s t ack  monitoring. 

Requirements and Cons t r a in t s  

The requirements f o r  the  n i t r i c  oxide sensor  are t h a t  it be s p e c i f i c ,  
and capable  of measuring NO i n  urban a i r ,  a u t o  exhaust ,  and s t a c k  e f f l u e n t s .  
Measurements of NO concent ra t ions  i n  the  range,  0 .01  - 1000 ppm, are 
d e s i r a b l e .  It would a l s o  be d e s i r a b l e ,  a l though not  requi red ,  i f  the  
accuracy of t he  device  were b e t t e r  than 2 5%. 

The requirements f o r  a n i t rogen  d ioxide  sensor  are t h a t  i t  be s p e c i f i c  
t o  NO2 and i n s e n s i t i v e  t o  o the r  c o n s t i t u e n t s  i n  urban a i r ,  a u t o  exhaust ,  and 
s t a c k  e f f l u e n t s .  It should be capable  of responding on a real  t i m e  b a s i s .  
The range of i n t e r e s t  i s  .01 - 1000 ppm. An accuracy of ,+ 5% o r  b e t t e r  is 
d e s i r a b l e ,  bu t  not  requi red  f o r  a l l  a p p l i c a t i o n s .  
a n a l y s i s  would a l s o  be d e s i r a b l e .  

A method of in -s tack  
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A r e a l  time ana lyzer  capable  of measuring t o t a l  oxides of n i t rogen  
i n  urban environments, a u t o  exhaust ,  and s t a c k  e f f l u e n t s  is needed, The 
range of i n t e r e s t  is 0 .01  t o  1000 ppm. 
b e t t e r ,  a l though not  required f o r  a l l  a p p l i c a t i o n s .  

The des i r ed  accuracy ,+ 5% o r  

For more information con tac t  

D r .  J. J. Wortman 
Research Tr iangle  I n s t i t u t e  
P.  0. Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
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4.0 PROBLEM STATUS SUMMARY 

I n  t h i s  s e c t i o n ,  t h e  s t a t u s  of a c t i o n  being taken on a l l  problems 

which have been d iscussed  by t h e  RTI Technology Appl ica t ion  Team wi th  

ind iv idua l s  w i th in  the  Nat ional  A i r  P o l l u t i o n  Control  Adminis t ra t ion i s  

presented i n  Table 1. Table 1 con ta ins  the  fol lowing information:  

(1) problem number and t i t l e ,  problem o r i g i n a t o r  w i th in  NAPCA, and 

the  respons ib le  a p p l i c a t i o n  t e a m  con tac t ;  (2) t he  d a t e  of t he  i n i t i a l  

contac t  wi th  the  problem o r i g i n a t o r  which i s  the  beginning of  t h e  problem 

i d e n t i f i c a t i o n  phase and the  d a t e  t h e  problem a b s t r a c t  i s  complete which 

i s  the end of the  problem i d e n t i f i c a t i o n  and s p e c i f i c a t i o n  phase; (3)  t he  

d a t e s  of  the  i n i t i a t i o n  of information searches  and the  acceptance of 

problem a b s t r a c t s  by NASA f o r  disseminat ion wi th in  NASA Research Centers 

are included and r ep resen t  s i g n i f i c a n t  land marks i n  the  second phase of 

t he  technology t r a n s f e r  process  -- i . e .  search  f o r  r e l evan t  information o r  

technology ( a t  t h e  da t e  of t h i s  r e p o r t ,  t h e  problem a b s t r a c t s  have not  y e t  

been formally submitted t o  NASA f o r  acceptance);  ( 4 )  t he  d a t e  a t  which 

eva lua t ions  of p o t e n t i a l l y  a p p l i c a b l e  technology is  completed; (5) the  d a t e  

a problem i s  closed -- problems gene ra l ly  are closed when a technology t r a n s f e r  

has  been accomplished o r  when i t  i s  judged t h a t  f u r t h e r  a c t i v i t y  d i r e c t e d  

toward obta in ing  a s o l u t i o n  i s  not  warranted; and, (6) d a t e  of completion 

of  a l l  documentation a s soc ia t ed  wi th  -the s p e c i f i c  problem. 

The forms used i n  Table 1 have been used by t h e  RTI Technology 

Applicat ion Team i n  genera t ing  a master problem f i l e .  

t he  p re sen t  s t a t u s  of a l l  problems under i n v e s t i g a t i o n  i n  t h e  biomedical 

This f i l e  con ta ins  
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f i e l d  and law enforcement communications, as w e l l  as 

and as a r e s u l t  some of the  re 

appropr i a t e  f o r  t h e  a r e a s  of a i r  p o l l u t i o n  c o n t r o l  and l a w  enforcement. 

The Technology Appl ica t ion  Team methodology f o r  problem i d e n t i f i c a t i o n  

i s  based on a t e c h n i c a l  exchange between RTI t e a m  personnel  t r a i n e d  i n  a i r  

p o l l u t i o n  r e sea rch  and development and t h e  NAPCA t e c h n i c a l  i n v e s t i g a t o r s .  

For the  p repa ra t ion  of the  a b s t r a c t s ,  conferences were he ld  wi th  NAPCA 

d i v i s i o n a l  personnel  i n  Durham, N. C.;  C inc inna t i ,  Ohio; and Ann Arbor, 

Michigan. The i n i t i a l  t e c h n i c a l  conferences were completed i n  A p r i l  1969. 

The Apr i l  conferences r e s u l t e d  i n  t h e  d e t a i l e d  list of for ty-one  (41) 
r 

problems. During t h e  months of Apr i l  and May, twenty-one (21) problems 

were s e l e c t e d  and d r a f t  problem a b s t r a c t s  were w r i t t e n  and reviewed 

wi th  the i n i t i a t i n g  NAPCA i n v e s t i g a t o r s .  The technology a p p l i c a t i o n  t e a m  

coordinated the  d r a f t  problem a b s t r a c t s  w i th  NASA's Technology U t i l i z a t i o n  

Div is ion  and proceeded t o  implement the i n d i v i d u a l  information searches .  

The s t a t u s  of t h e  twenty-one (21) problems f o r  which a b s t r a c t s  have 

been prepared as follows: 

RTI/AP- 1 , "Automobile Drivers Performance Tes ts"  
D r .  C a r l  M. Shy, Div is ion  of Health E f f e c t s  Research 

and the sea rch  was judged t o  be use fu l .  
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TABLE 2 

Code f o r  Problem Closure 

A -  T rans fe r  Accomplished. 

B -  Researcher has no f u r t h e r  i n t e r e s t  i n  the  problem. 

c -  Researcher has  found h i s  own s o l u t i o n .  

D -  A s  a r e s u l t  of personnel t r a n s f e r  i n  t h e  i n s t i t u t i o n s ,  t he  

problem has e i t h e r  been c losed  o r  t r a n s f e r r e d  t o  another  

i n s t i t u t i o n  a long  wi th  the  i n v e s t i g a t o r  and has been given 

a new number. 

E -  N o  p re sen t  o r  fo re seeab le  f u t u r e  NASA technology a p p l i c a b l e .  

H -  S a t i s f a c t o r y  s o l u t i o n  i d e n t i f i e d  by t e a m  and v e r i f i e d  by 

r e sea rche r ,  bu t  t r a n s f e r  cannot be completed by r e sea rche r  f o r  

reasons of economy o r  l ack  of resources  temporarily t o  

implement f ind ings  . 
I -  Problem as o r i g i n a l l y  s t a t e d  w a s  t oo  broad o r  genera l .  

J -  Problem i s  too  d i f f i c u l t ;  i . e . ,  t he  problem as given t o  t h e  Technology 
Appl ica t ion  

of money r e sea rch ,  and developmental e f f o r t  making t h e  l i ke l ihood  

of success  by t h e  team too  low t o  warrant i t s  expenditure of 

e f f o r t  worthwhile. 

Team i s  p resen t ly  t h e  focus Qf l a rge  expendi tures  

K -  Problem p r i o r i t y ,  e .g . ,  Cos t /Benef i t s  r a t i o ,  team resoilrces 

a v a i l a b l e ,  r e s e a r c h e r ' s  resources  and enthusiasm, e t c ,  compared 

t o  these  a s p e c t s  on o t h e r  problems too  low. 
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. 
RTI/AP-2, "Remote Temperat 

Kilometers of the 

Problem ab 

May 12, 1969 requesting his comm 
yielded only on 

search terms and yielded only three "hits", none of which suggests a 
solution to the problem. 
mailed to Mr. Hosler on June 27, 1969. 

The output from the second search was 

RTIJAP-3, "Remote Wind Vector Sensing Technique for the Lower Two 
Kilometers of the Atmosphere" 
Mr. Charles R. Hosler, Division of Meteorology 

Team Member - R. C. Haws 
The problem abstract has been written and a copy mailed to Mr. Hosler 
on May 12, 1969 requesting his comments. 
the output mailed to Mr. Hosler on May 12, 1969. 
110 "hits". 

A computer search was made and 
The search yielded 

RTIIAP-4, "Long Term Geophysical Effects of Carbon Dioxide (C02)" 
Mr. Charles R. Hosler, Division of Meteorology 

Team Member - R. 6. Haws 
The problem abstract has been written and a copy mailed to Mr. Hosler 

on May 12, 1969 requesting his comments. 
which yielded 87 "hits" and the output was mailed to Mr. Hosler on 

June 27, 1969. 

A computer search was made 

RTI/AP-5, "Long Term Geophysical Effects of Particulates in the 
0.2 to 0.5 Micron Size Range" 
Mr. Charles R. Hosler, Division of Meteorology 

Team Member - R. C. H 
The problem abstra nd a copy mailed to Mr. ler 

on made which yielded 197 "hits" 

and the on June 27, 1969. 

50 



RTI/AP- 10, "Development of  Advanced Sensor f o r  Methane" 
D r .  Robert K. Stevens,  Div is ion  of  Chemistry and Physics  

Team Member - J. J. Wortman 

A selective senso r  f o r  measuring methane i n  urban environments i s  needed. 

Andrew O'Keefe and Robert  Stevens,  Div is ion  of Chemistry and Physics  

were contacted about  t h i s  problem on A p r i l  25, 1969. 

search  w a s  i n i t i a t e d  on June 10, 1969 b u t  s i f t i n g  a r t i c l e s  of va lue  

from the  r e fe rences  r e l a t e d  t o  methane i s  proving t o  be  d i f f i c u l t .  

Since i t  i s  a n a t u r a l l y  occurr ing  c o n s t i t u e n t  of t h e  atmosphere, i t  

f r equen t ly  occurs  i n  r e p o r t s  where t h e  primary emphasis i s  on o t h e r  gases .  

L i t e r a t u r e  on the  explosion hazard of methane i n  c losed  environments i s  

a l s o  a source of information.  It i s  a n t i c i p a t e d  t h a t  a good technology 

t r a n s f e r  can be made wi th  a d d i t i o n a l  e f f o r t .  

A computer 

RTI/AP-11, "Development of Advanced Sensor f o r  Su l fu r  Dioxide'' 
M r .  Andrew E. O'Keefe, Div is ion  of Chemistry and Physics  

Team Member - J.  J .  Wortman 

The f i rs t  con tac t  w a s  made on A p r i l  25, 1969 wi th  Andrew O'Keefe and 

D r .  Stevens.  This  meeting determined t h e  need f o r  a more r e l i a b l e  and 

economical s u l f u r  d iox ide  ana lyzer  f o r  t h e  atmosphere and s t a c k  e f f l u e n t s .  

A computer s ea rch  w a s  i n i t i a t e d  on June 10 ,  1969. The r e s u l t s  of t h e  

search  are no t  complete. 

RTI/AP-22, "Development of Advanced P o l l u t a n t  Sensors  f o r  Fluoride" 
M r .  Andrew E. O'Keefe, Div is ion  of Chemistry and Physics  

Team Member - J.  J. Wortman 

The f i r s t  con tac t  w a s  made wi th  Andrew O'Keefe and D r .  Stevens on 

A p r i l  25, 1969. 

f l u o r i d e  i n  s t a c k  gases  and urban environments. 

i n i t i a t e d  on June 10 ,  1969. 

These documents have been ordered. 

A need w a s  determined f o r  a sensor  capable  of measuring 

A computer search  w a s  

Completion on June 27, 1969 ind ica t ed  3 "hi ts" .  

RTI/AP-25, "Development of Advanced P o l l u t a n t  Sensors  f o r  Carbon Dioxide" 
D r .  Robert K. Stevens,  Div is ion  of Chemistry and Physics  

Team Member - J. J. Wortman 

The f i r s t  con tac t  w a s  made wi th  Andrew 

A p r i l  25, 1969. A need w a s  determined 

sensor  f o r  measuring carbon d iox ide  i n  
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A computer search was initiated on June 10, 1969 and completed by 
July 2, 1969. From the list of 46 "hits", 17 documents were ordered 
which may be useful to air pollution research. 

RTI/AP-26, "Development of Advanced Pollutant Sensors for Total Hydrocarbons" 
Mr. Andrew E. O'Keefe, Division of Chemistry and Physics 

Team Member - J. J. Wortman 
The initial contact was made with Andrew O'Keefe and Dr. Stevens on 

April 25, 1969. 
of measuring total hydrocarbon concentration in ambient air, auto 

exhaust, and incinerator effluents. A computer search was initiated on 
June 10, 1969. The search was completed on June 27, 1969 with 17 "hits". 
Thirteen (13) research articles have been ordered. 

A need was determined for a sensor which is capable 

RTI/AP-27, "Development of Advanced Pollutant Sensors for Carbon Monoxide" 
Dr. Robert K. Stevens, Division of Chemistry and Physics 

Team Member - J. J. Wortman 
The first contact was made with Andrew O'Keefe and Dr. Stevens on 
April 25, 1969. A need was determined to develop sensors capable of 

measuring the concentration of carbon monoxide in urban environments, 
auto exhausts, and stack effluents. A computer search was begun on 
June 10, 1969 and completed on June 27, 1969. From a total of 7 "hits", 
4 documents have been ordered. 

RTI/AP-28, "Improvement in Adsorption and Absorption Techniques for 
Removing Pollutants from Carrier Gas Streams" 
Mr. Joshua S. Bowen, Division of Process Control Engineering 

Team Member - L. A. Ripperton 
The problem abstract was approved and the search was initiated on May 21, 
1969. 
judged applicable to the problem. 
NAPCA for their review. 

The search produced a total of 52 abstracts, of which nine were 
The search has been forwarded to 

RTI/AP-29, "Instrumentation for the Investigation of Flame Chemistry" 
Mr. John H. Wasser, Jr., Division of Process Control Engineering 

Team Member - L. A. Ripperton 
The literature search was initiated on May 26, 1969 and the computer run 
produced a total of 180 abstracts, of which 82 were judged applicable. 
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Mr. Wasser has received the search data and indicated his interests and 

a possible delay in his being able to quickly asses the value of all 

82 abstracts. 

RTI/AP-30, "Effects of Trace Quantities of Metals, and Impurities 
on Pollutant Identity and Output in Combustion" 
Mr. James A. Dorsey, Division of Process Control Engineering 

Team Member - L. A. Ripperton 
The problem abstract was reviewed with Mr. Dorsey on May 21st and the 
literature search was initiated on May 26, 1969. The computer search 
produced 74 abstracts, of which 18 were considered applicable. The 

results of the data search were transmitted to NAPCA on June 11, 1969. 

RTI/AP-31 Analytical Techniques for The Trace Metals in Combustion 
Effluent and Waste Gases from Metal Processing" 
Mr. James A. Dorsey, Division of Process Control Engineering 

Team Member - L. A. Ripperton 
The problem abstract was reviewed with Mr. Dorsey on May 21st and the 
literature search was combined with AP-30 and initiated on May 26, 1969. 
The search produced 4 applicable abstracts which were forwarded to NAPCA 
on June 11, 1969. 

RTI/AP-32, "Fluidized Bed Combustion Processes" 
Mr. John H. Wasser, Jr., Division of Process Control Engineering 

Team Member - J. C. Orcutt 
Two computer searches were made in May, 1969 to retrieve information 

relevant to the titled problem. The search on fluidized beds and related 
combustion processes with additional key words citing nitrogen and sulfur 
oxides, catalysts and adsorption produced 71 abstracts and the second 

search for information on conventional fuel combustion with key words 
citing nitrogen and sulfur oxides, analyses of products of combustion 

and fuel gases produced 134 abstracts. 

Item-by-item reading of the abstracts from the searches reveals no 
information of direct application to the subject problem. 

on fluidized beds was deficient in that most abstracts cited work of 
no relevance or else publications of a general or survey nature. 

The search 

A 

53 



second source of material may be obtained in the general literature on 

fluidization beginning with the books by Kunii and 

Wiley, New York, (1969)) and Davi 
ambridge U. Press, (1963)). 

Four abstracts were ret eved which had a co 

fluidized beds. Of these, only one suggests a remote connection with 

the reactivity of NO and a solid catalyst (zeolite ion exchange resin). 
In the second search, a total of 134 abstracts were reviewed and only 

one was considered directly applicable. 

RTI/AP-33, "Working Fluids for Rankine Cycle Engines" 
Mr. Raymond Machacek, Division of Motor Vehicle Research 
and Development 

Team Member - R. L. Beadles 

The problem abstract was approved and the information search initiated 

on May 13, 1969. 
data potentially applicable to the problem. 
Team has developed a list of 7 contractor and government agencies 
which are suggested organizations who may be able to suggest solutions 
if the problem abstracts were sent to them. 

The information search did not produce any relevant 
The Technology Application 

RTI/AP-35, "Heat Transfer to S m a l l  Gas Borne Particles" 
Mr. John H. Wasser, Jr., Division of Process Control Engineering 

Team Member - L. F .  Ballard 
This problem was formulated during a meeting with Jack Wasser, Division 
of Process Control Engineering on April 29, 1969. 
need for a practical description of the heat transfer to small particles 
under transient temperature conditions. The computer search was started 

It relates to the 

d June 12, 1969 with 91 "hits" being 
red for about 25 articles which app,ear 

these cover research with contraints 
concide with the 

will result in a successful technology transfer. 
nt problem. It is anticipated that this effort 
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RTI/AP-37, "Physical Considerations in Optimizing Fuel-Air Mixtures" 
Mr. John H. Wasser, Jr., Division of Process Control Engineering 

Team Member - L. F. Ballard 
This problem relates to the need for developing burner design criteria 
which optimize the fuel-air mixture with respect to various air pollution 

products. Jack Wasser, Division of Process Control Engineering was 
visited on April 29, 1969 concerning this research area. 
search was initiated on May 20, 1969. 
area has been done through NASA with different and varied emphasis. 

delay is being encountered in identifying the potentially applicable 

information within the exceptionally large amount of data pertinent 
to NAPCA's needs. 

The computer 

A large amount of work in this 
A 

RTI/AP-38, "Measuring Techniques for Airborne Particulates" 
Mr. James A. Dorsey, Division of Process Control Engineering 

TeamMember - L.  F. Ballard 
This problem relates to the need for a rapid technique for measuring the 
size and concentration of airborne particulates. 
are preferable but rapid techniques for analyzing extracted samples are 
also of value. 
Dorsey, Division of Process Control Engineering and several members of 
his group on April 29, 1969. The computer search was begun on May 20, 1969 
and completed June 12, 1969 with 94 "hits". 
revealed several articles which were directly applicable to the problem. 
About 25 documents are being ordered for transfer. Many of these 
documents concern holographic techniques which are of interest to 
Mr. Don Phelps, NAPCA who attended the initial discussion on April 29, 1969. 

In-situ techniques 

A group discussion on this subject was held with Jim 

A review of the abstracts 

RTI/AP-41, "Development of Advanced Pollutant Sensors for Measuring 
Oxides of Nitrogen" 
Dr. Robert K. Stevens, Division of Chemistry and Physics 

Team Member - J. J .  Wortman 

2 4  NOx, NO, NO2, N 0 
stack effluents, and urban environments. Sensors for specifically 
measuring these nitrogen compounds on a real-time basis are needed. 
This problem was discussed during a visit with Andrew O'Keefe and 

etc. are significant pollutants in most auto exhausts, 

Robert Stevens, Division of Chemistry and Physics on April 25, 1969. 
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An information search was initiated on June 10, 1969 and has resulted 

in 4 abstracts of potential transfer applicability. 

have been ordered and the information transmitted to NAPCA. 
The documents 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The NASA Technology Appl ica t ion  Team a t  the  Research Tr iangle  I n s t i t u t e  

has  been applying the  technology t r a n s f e r  methodology developed i n  NASA's 

Biomedical Appl ica t ion  Team program i n  the  area of a i r  p o l l u t i o n  c o n t r o l  

f o r  twelve months. 

devoted t o  planning and t o  e s t a b l i s h i n g  necessary inter-agency con tac t s  

between NASA's Technology U t i l i z a t i o n  Divis ion and the  Off ice  of t he  

Ass i s t an t  Commissioner f o r  Science and Technology of t he  Nat ional  A i r  

P o l l u t i o n  Control  Adminis t ra t ion.  An a d d i t i o n a l  fou r  months were devoted 

t o  the  establ ishment  of a formal inter-agency agreement to  proceed wi th  a 

technology t r a n s f e r  f e a s i b i l i t y  program. 

r epor t ing  per iod were devoted t o  es tab l i shment  of i nd iv idua l  con tac t s  between 

members of t h e  RTI a p p l i c a t i o n  t e a m  and i n v e s t i g a t o r s  a t  the  Nat ional  A i r  

Po l lu t ion  Control  Administration. During t h i s  per iod of a c t i v i t y ,  t h e  

Applicat ion Team has been a b l e  t o  form a number of conclusions concerning 

the  t r a n s f e r  of aerospace technology t o  a i r  p o l l u t i o n  con t ro l  as w e l l  as 

recommendations f o r  cont inuing t h i s  program. 

However, t h e  f i r s t  fou r  months of  t h i s  per iod  were 

The f i n a l  four  months of t h e  

It is  s i g n i f i c a n t  t h a t  t h e  Applicat ion Team has  been a b l e  t o  e f f i c i e n t l y  

and e f f e c t i v e l y  i n t e g r a t e  e i g h t  a d d i t i o n a l  members of t h e  Research Tr i ang le  

I n s t i t u t e ' s  s t a f f  i n t o  i t s  ope ra t ion  i n  a very  s h o r t  t i m e  per iod.  

i nd iv idua l s  w e r e  s e l ec t ed  on the  b a s i s  of t h e i r  competence and experience i n  

t echn ica l  f i e l d s  r e l a t e d  t o  air  p o l l u t i o n  con t ro l .  

s t a f f  of t h e  e x i s t i n g  Biomedical Applicat ion Team,these ind iv idua l s  were 

a b l e  t o  success fu l ly  c a r r y  out  t h e  func t ions  of problem i d e n t i f i c a t i o n  and 

These 

Working wi th  fu l l - t ime  
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s p e c i f i c a t i o n ,  problem a b s t r a c t  p repa ra t ion  and computer search  of t h e  

NASA Aerospace Information Bank. 

used e f f e c t i v e l y  i n  t h e  technology u t i l i z a t i o n  process  on a par t - t ime,  

rapid-response b a s i s .  Coordinat ion and management of such a program, 

however, is  more c r i t i ca l  than  when t h e  i n d i v i d u a l s  involved devote  t h e i r  

e n t i r e  e f f o r t  t o  t h e  program. 

Biomedical Appl ica t ion  Team program have been found ve ry  e f f e c t i v e  i n  

coord ina t ing  t h e  e f f o r t s  d i r e c t e d  toward technology u t i l i z a t i o n  i n  a i r  

p o l l u t i o n  con t ro l .  

It is  concluded t h a t  i n d i v i d u a l s  can  be 

The management techniques used i n  t h e  

A s  a r e s u l t  of t h e  Appl ica t ion  T e a m ’ s  activit ies,  t e n  of t h e  twelve 

problem areas def ined  by NAPCA and d iscussed  i n  Sec t ion  2.0 have been 

judged appropr i a t e  f o r  technology t r a n s f e r  i n v e s t i g a t i o n s .  These t e n  problem 

areas have been broken down i n t o  4 1  s p e c i f i c  problems and requirements.  

Problem i d e n t i f i c a t i o n  and s p e c i f i c a t i o n  and t h e  p repa ra t ion  of problem 

a b s t r a c t s  has  been completed on 2 1  of t h e s e  problems and fou r  of t h e  forty-one 

have been c losed  f o r  reasons given i n  Sec t ion  4.0. It is  f e l t  t h a t  t h e r e  

is  a r e l a t i v e l y  h igh  p r o b a b i l i t y  of f ind ing  s o l u t i o n s  i n  aerospace technology 

f o r  t h e  37 problems which are a t  t h e  p re sen t  time active. 

supported p a r t i a l l y  by t h e  r e s u l t s  of computer search ing  which has  been 

accomplished t o  da t e .  

approximately 3,500 c i t a t i o n s  w e r e  obtained.  

1368 c i t a t i o n s  o r  h i t s  by screening  a t  t h e  Science and Technology Research 

This  can be 

Of t h e  21  computer searches  which have been performed 

This  number w a s  reduced t o  

Center.  O f  these,373 have been i d e n t i f i e d  a s ’ r e l e v a n t  t o  s p e c i f i c  problems 
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through a n  i n i t i a l  eva lua t ion  by Technology Appl ica t ion  Team members. 

two of t h e  searches  have y i e lded  ze ro  r e l e v a n t  information.  A s  t h r e e  of the  

searches  have no t  been comple ted , th i s  g ives  a n  average of approximately 

23 documents per  problem f o r  t h e  16  searches  which have y ie lded  r e l e v a n t  

information.  

of aerospace-generated technology t o  problems and requirements  e x i s t i n g  i n  

a i r  p o l l u t i o n  con t ro l .  

2 1  problems f o r  which problem a b s t r a c t s  have been prepared and t h a t  a c t i o n  

be  continued on t h e  remainder of a c t i v e  problems, as w e l l  as a d d i t i o n a l  

problems which may be  i d e n t i f i e d  as a r e s u l t  of c o n t a c t s  a l ready  made wi th in  

NAPCA . 

Only 

It i s  concluded t h a t  t h e r e  i s  good p o t e n t i a l  f o r  t h e  t r a n s f e r  

It i s  recommended t h a t  a c t i v i t y  be  continued on t h e  

The response of i n d i v i d u a l  engineers  and s c i e n t i s t s  w i th in  NAPCA has  

been both e n t h u s i a s t i c  and very  coopera t ive  throughout t h e  problem i d e n t i f i c a -  

t i o n  and s p e c i f i c a t i o n  phase of our a c t i v i t y .  W e  have found, however, t h a t  

t h e s e  individuals,who gene ra l ly  hold key p o s i t i o n s  wi th in  NAPCA and have 

cons iderable  a d m i n i s t r a t i v e  r e s p o n s i b i l i t i e s , a r e  n o t  a b l e  t o  respond r a p i d l y  

i n  t h e  eva lua t ion  of s ea rch  r e s u l t s  and t h e  approval  of problem a b s t r a c t s .  

W e  i n t end  t o  recommend i n  t h e  f u t u r e  t h a t  t h e s e  t a s k s  be g iven  t o  ind iv idua l s  

w i th  less a d m i n i s t r a t i v e  r e s p o n s i b i l i t y  within NAPCA. 

d i r e c t i n g  members of t h e  Technology Appl ica t ion  Team t o  i n c r e a s e  t h e  

frequency of c o n t a c t s  wi th  problem o r i g i n a t o r s  dur ing  those  phases of our  

work which involve  evaluatSron of s ea rch  r e s u l t s ,  problem a b s t r a c t  responses  

and p o t e n t i a l  s o l u t i o n s .  

Team methodology cannot be  dropped fol lowing t h e  completion of problem 

i d e n t i f i c a t i o n .  Rather ,  i t  must be  continued throughout t h e  e n t i r e  process .  

Addi t iona l ly ,  w e  are 

The person-to-person con tac t  a spec t  of t h e  Appl ica t ion  
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Finally, it is recommended that representatives of the RTI Technology 

Application Team and of NASA's Technology Utilization Division, together, 

brief Dr. Ludwig and his staff of the Office of the Assistant Commissioner 

for Science and Technology of NAPCA on the progress of our feasibility study 

program in the very near future to insure that all three parties be aware 

of both progress and operational problems at all times. 
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